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ABSTRACT 


The purpose of this study was to investigate whether students 
in grades three and four have an intuitive understanding of six 
concepts of probability. The concepts testec were: sample space- 
single outcome event, sample space-ordered pair outcome event, equally 
likely event, more likely vs. less likely event, impossible vs. cer- 
tain event, and probability of a simple event. Variables studied as 
to their relationship to subjects' performances of the probability 
concepts were: age, grade, sex, verbal 19, nonverbal IQ, mathematics 
concept achievement, and mathematics problem solving ability. Each 
concept was tested in each of three instructional modes: concrete, 
PLetorial.vand symbolic. 

The sample used in this study consisted of 60 grades three and 
four students of a suburban elementary school. The sample nee 
selected to ensure 30 girls and 30 boys. All 60 students who were 
selected were able to complete all aspects of the testing. 

Standardized tests, The Lorge-Thorndike Intelligence Tests, Level 
3, Form A, Verbal and Nonverbal Batteries and the mathematics section 
of the Canadian Tests of Basic Skills-Form 1, were administered to 
the students as a group. From the results of this testing the 
individual IQ scores and mathematics achievement percentiles were 
obtained. Subjects’ intuitive understanding of the probability 
concepts was tested by means of a 36 question probability test. This 
test was administered by means of a personal interview with each 


subject. All discussion was audiotaped for later analysis. 


AV 


Digitized by the Internet Archive 
In 2022 with funding from 
University of Alberta Library 


https://archive.org/details/Ganson1979 


One-way analysis of variance and statistical correlations were 
used in the analysis of the resulting data. 

The analysis revealed that grades three and four students had 
an intuitive understanding of four of the six concepts. They were: 
sample space-single outcome event, equally likely event, more likely 
vs. less likely event and impossible vs, certain event. The variables 
of age, grade, and sex were not found to be significant in deter- 
mining subject's performance on the probability test. Subjects' IQ 
and mathematics ability were found to be highly correlated to their 
overall probability test scores. The different mode sequences had 


no significant effect on subjects' total test scores. 
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Chapter 1 


INTRODUCTION TO THE STUDY 


GENERAL INTRODUCTION 


The notion that certain concepts of probability can be and should 
be included in elementary mathematics curricula has been supported by 
recent research studies. Squire (1978) states ''that provision be 
made for informal consolidation of existing concepts and ideas (of 
probability) for grades one and two and a wider range of activities 
and experiences from grade three onwards in which students are led to 
further concepts and into quantification of probability." (abstract) 

Cohen (1957) claims that the system of education used in today's 
schools does not give students the opportunity to develop skills in 
recognizing degrees of uncertainty but leaves them with the impression 
that every question has a single definite answer. He states, 'Our 
everyday speech is made up in large part of words like 'probably', 
"‘many', "'soon', ‘'great', ‘little'. What do these words mean?" (p.132) 
If education today is to fulfill its goal, of preparing citizens to 
live in a society that is both uncertain and pluralistic by its very 
nature, it must be prepared to accept the challenge that certain 
probability concepts can be developed and taught in the elementary 
mathematics program. The question arises, do students in the lower 
and middle elementary grades have the intuitive background to grasp 


the concepts and methods of probability theory? Research says YES. 
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BACKGROUND OF THE PROBLEM 


In the education of children the implanting of important 
mathematical ideas should take place as early as possible. 
This principle holds especially for the study of chance 
phenomena. Probability theory is one of the most multi- 
faceted branches of mathematics, and its study requires an 
introduction to a large number of new and unusual concepts 
with which pupils need time to become familiar. (Engel, 
£9665 .p se77.1) 

Piaget and Inhelder (Translation, 1975) claim that students' 
development of notions about probability begin as early in life as 
four years. This early developmental stage continues to formulate 
until the age of seven. The second developmental stage occurs between 
the ages of seven and eleven. Most students will have completed grade 
five by the end of it. Their (Piaget and Inhelder) experiments in- 
dicated that during this stage students do understand probability 
concepts. They concluded that the ideas of random mixture, regular 
and irregular distributions are developed during this stage. 

Ross (1966) and Hoemann and Ross (1971) concur with Piaget and 
Inhelder's conclusions. They (Hoemann and Ross) found that students 
by the completion of grade four have mastered probability concepts 
which consisted of single-array tasks and comparable two-array tasks. 

Offenbach (1964, 1965) determined that the sequential nature of 
probability tasks was understood by grade four students. He also 
concluded that students in grade four tried to find a "rule’ that 
would govern the occurrence of events. This allows students to deter- 
mine simple probabilities (often referred to in literature as the 
quantification of probability). 


Several survey studies have been conducted by graduate students 


which investigated whether elementary students have intuitive under- 
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standing of specified probability concepts. Doherty (1965) determined 
that students in grades four, five, and six have acquired considerable 
intuitive understanding in four probability concepts tested. Leffin 
(1968) studied three concepts with students of grades four through 
seven. He found the students were able to understand and apply the 
concepts tested. Mullenex (1968) also concluded that selected concepts 
of probability should be included in the elementary mathematics curri- 
eula’. 

Jones (1974) tested five probability concepts and Squire (1978) 
tested six concepts with students from grades one, two, and three in 
independent studies. Both, however, concluded that an intuitive 
understanding of probability concepts is present at these grade levels 
and instruction in probability could be introduced into the curriculum 
beginning at grade one. 

Shepler (1969), Gipson (1971), and McLeod (1971) have success- 
fully taught units of probability mathematics to elementary students. 
Their studies involved students from grades two, three, four, and six. 
Each concluded that successful probability units could be developed 
and taught at the respective grades. 

Emanating from the research, reports have been developed which 
indicate that the inclusion of probability into the elementary curri- 
culum is feasible. The Cambridge Conference on School Mathematics 
(1963) concluded that probability should become a vital and appropriate 
component of the elementary mathematics curricula. Widespread accept- 
ance for such an inclusion was reported by the National Advisory 
Committee on Mathematical Education (1975). 


There is, however, a noticeable absence of these notions from 
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approved elementary mathematics curricula in most of North America. 
This apparent lack of interest is not the result of a lack of pre- 
pared materials, however. Two examples: the Macmillan Company's 
published textbook, What are the Chances (1963) and the School 
Mathematics Study Group publications for teachers and students, 
Probability for Primary Grades (1965, 1966), provide an indication of 
what is available. ThesEast that probability does not appear in the 
majority of elementary mathematics programs seems to be a direct 
result of the decision making policies of curriculum writers. There- 
fore the majority of elementary students still do not have the oppor- 
tunity to study probability. Cohen (1957) claims that this results in 


UU 


students not being able -" in short, to interpret and become masters 


of their own uncertainties’ (p. 138). 
STATEMENT OF THE PROBLEM 


The purposes of the present study were: (1) to determine if 
grade three and four students have an intuitive understanding of six 
basic probability concepts, (2) to investigate the effect of the 
factors, age, grade, and sex on the subjects' performance of the 
probability tasks, (3) to examine the effect of the mode embodiment of 
the probability test questions on the subjects' performance of the 
probability tasks, and (4) to determine if the factors of IQ and 
mathematical achievement can be used to predict subjects’ performance 
of the probability tasks. 

The first purpose was to consider the following six probability 


concepts: 
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A. sample space - single outcome, 
B. sample space - ordered pair outcome, 
C. equally likely, 
D. more likely vs. less likely, 
E. impossible vs. certain, 
F. probability of simple events, 
Definitions of these concepts are contained later in this chapter. 

The second purpose was to consider the effect that age, grade, 
and sex may have on the learning of probability concepts. Their effect 
on student performance was investigated as part of this study. 

Bruner (1964) proposed a three stage model of intellectual devel- 
opment: enative, iconic, and symbolic. These stages are referred to 
as concrete, pictorial, and symbolic in this study. Bruner (1967) 
further generalized that an optimal sequence of instruction would 
employ all three stages. Kieren (1978) suggested the need for more 
research on the use of manipulative materials on the effectiveness in 
teaching mathematics at all levels of education. Higgins (1976) felt 
that educators had a general agreement on the use of physical objects 
in mathematics education, particularly for younger children. A third 
purpose of the study was to examine the effect of these stages or mode 
embodiments. 

The fourth purpose was to determine if students' verbal and non- 
verbal IQ scores and mathematics achievement percentiles could be used 
as valid predictors of their performance on probability tasks. No 
attempt was made to determine the effect of such factors as socio- 
economic status and home environment. Neither were factors such as 


vocabulary, reading ability, listening ability, and visual ability 
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considered in this study. Many of these factors would be worth 


examining in further research projects. 


DEFINITIONS OF TERMS 


For the purposes of this study, the following terms will be used 
as defined. 

Verbal IQ - The measure of an individual's ability to under- 
stand ideas expressed in words. 

Nonverbal IQ - The measure of an individual's ability to 
understand ideas expressed in non-word symbols. 

Mathematics Concepts - The notions or ideds in mathematics that 
relate to the understanding of the number system, mathematics terms, 
and operations. 

Mathematics Problem Solving - The notions or ideas in mathema- 
tics that relate to the finding of mathematical solutions to written 
mathematical problems. 

Probability Concepts - The notions or ideas in mathematics that 
relate to determined outcomes of chance or of random selection. 

Sample Space - Single Outcome Event (Concept A) - The identi- 
fying of any one of several possible solutions of a probability 
question. 

Sample Space - Ordered Pair Outcome Event (Concept B) - The 
identifying of any one of several possible ordered pairs which consti- 
tute a solution of a probability question. 


Equally Likely Event (Concept C) - The identifying of alterna- 


tive outcomes which could occur with equal frequency. 
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More Likely vs. Less Likely Event (Concept D) - The identify- 


ing of specified alternative outcomes which are more likely or less 
Prkelyrtoroccurs 

Impossible vs. Certain Event (Concept E) - The identifying of 
a specified alternative outcome which could never occur (impossible 
event) or which would always occur (certain event). 

Propapulityror asoimprer vent \ Conceptelyy — The identifying "or 
the probable frequency with which a specified alternative outcome 
would occur. 

Mode Embodiment - The concrete, pictorial, or symbolic 
representations of the probability questions. 

Concrete Mode (Mode I) - The use of manipulative materials such 
as a spinner, some marbles, several blocks, etc. 

Pictorial Mode (Mode II) - The use of pictures of the manipu- 
lative materials. 

Symbolic Mode (Mode III) - The use of verbal descriptions of 


manipulative materials. 


HYPOTHESES TO BE TESTED 


Null Hypotheses 


1. Given subsets of scores of the probability test, as 
determined by age, grade, and sex, there is no significant difference 
between the means of those scores. 

2. There is no significant relationship between the subjects' 
scores on the probability test and their respective scores on stand- 


ardized tests for verbal IQ, nonverbal IQ, mathematics concepts achieve- 
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ment percentile. 

3. Given subsets of scores of the probability test, there is 
no significant relationship between the subjects' obtained scores in 
the concrete mode, the pictorial mode, and the symbolic mode when 
considered in pairs. 

4, Given subsets of scores of the probability test, there is 
no significant difference between the overall mode sequence mean and 
the mean in each of the six mode sequences. 

5. Given subsets of scores of the probability test, there is 
no significant relationship between the subjects' obtained scores for 


concepts A through F when concept scores are considered in pairs. 


LIMITATIONS OF THE STUDY 


1. Personal factors: There was no attempt to determine the 
influence of socio-economic status, motivational level, or the effect 
that different social experiences may have on the responses of rural 
and urban students. 

2. Motivational factors: There was no deliberate attempt to 
motivate the subjects. At the beginning of each interview a short 
explanation was given to each subject that the discussion was to be 
audiotaped. This may have had some motivational effect. 

3. Instrument factor: The probability test could be regarded 
as a limitation of the study since it was designed by the researcher 
and it was not validated. 

4, Sampling factor: The sample for the study was selected 


from one school in a large metropolitan area. The subjects were 
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selected by the administration of the school on the basis of equal 
numbers of male and female. No further attempt was made to randomize 


the sample for a large population. 


ORGANIZATION OF THE REPORT 


Chapter 1 contains the overall and specific statement of the 
problem to be studied. A review of the literature pertinent to the 
study is contained in Chapter 2. Chapter 3 contains a detailed 
description of the experimental design, the IQ tests, the mathematics 
achievement tests, the development and administration of the 
probability test, research procedures and the statistical design used 
to test the hypotheses. Chapter 4 presents the data that resulted 
from the study and all analyses of the data. The fifth and final 
chapter includes a summary of the study, a discussion of the 


conclusions, implications and suggestions for further research. 
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Chapter 2 


REVIEW OF RELATED LITERATURE 


Is probability too abstract for use in the elementary school? 
Do children believe that there is an exact answer for all mathematical 
questions? How often are children asked to interpret terms such as: 
maybe, sometimes, likely, perhaps, etc. These questions and others 
have led researchers to examine the value of probability for the 
elementary school student. Should not the educational system equip 
the child with the basic skills and ideas of probability? 

Research indicates that students of ages four and upward can 
show interest, enthusiasm, and a degree of understanding toward basic 
concepts of probability given the appropriate situation. Bruner (1962) 
quoted Inhelder (Piaget's associate) in support of the readiness 
concept in early childhood. 

The teaching of probabilistic reasoning, so very common and 

important a feature of modern science, is hardly developed in 

our educational system before college. The omission is 
probably due to the fact that school syllabi in nearly all 
countries follow scientific progress with a near-disastrous 
time lag. But it may also be due to the widespread belief that 
the understanding of random phenomena depends on the learner's 
grasp of the meaning of the rarity or commoness of events. And 
admitted such ideas are hard to get across to the young. Our 
research indicated that the understanding of random phenomena 
requires, rather, the use of certain concrete logical operations 
well within the grasp of the young child -- provided these 
operations are free of awkward mathematical expression. 


Thus it appears that students in the elementary grades do have 


the needed readiness factor to study probability. 
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Concept Development Stages 


For purposes of clarity, the research reviewed here will be 
divided into three sections. Each of these three sections will deal 
with research connected with an age group of subjects as determined 
by the research of Piaget and Inhelder (Translation, 1975). Piaget 
and Inhelder divided students' development of understanding of 


probability notions into three stages: 


(a) The first stage - four to seven years 
(b) The second stage - seven to eleven years 


(c) The third stage - eleven to twelve years 


fee tle stiocage 


Piaget devised three experiments to test subjects aged four to 
seven years. 

The first experiment involved an open rectangular box which 
rested on a transverse pivot allowing it to seesaw. Eight red balls 
and eight white balls would come to rest at the declined or resting 
end. Each subject was told and shown how the box tipped, although 
the balls were held in place. He was then asked to predict the 
position of the balls if the box were tipped. This procedure was 
repeated a large number of times. All subject responses were 
recorded. 

Piaget's second experiment used a heads and tails idea. The 


discs consisted of white counters with a circle on one side and a 
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cross on the other side. The number of counters thrown at one time 
varied in number from 10 to 20 at the experimenter's discretion. The 
results of each throw were recorded in number of circles and number 

of crosses. After each throw the subject was to predict the next 
throw's outcome by using the results of previous throws. Then without 
letting the child realize the substitution, the experimenter threw 
about 15 counters having the cross on both sides. This served as a 
control factor in the experiment. The experiment was repeated until 

a sufficient understanding of the child's reaction was obtained. 

A sack of twenty red and twenty blue marbles served as apparatus 
for the third experiment. The child was asked several questions on 
how the marbles would appear if drawn randomly. Then he was given a 
sack with only blue ones. This matched the situation in the second 
experiment in that the counters in the second set were similar in 
appearance and number to those in the first set except they had 
crosses on both sides. In the sack of blue marbles, there was 
simply an absence of the red marbles which the child expected to be 
there. This type of control often gives the surest index of the 
judgment of probabilities of which the child is capable (Piaget, trans. 
L975, 8p.897)% 

In analyzing responses given by the subjects in the first 
experiment, Piaget concluded that they either denied the progressive 
mixing of the balls or thought of it as too regular. Either response 
avoids the idea of change. He also stated that "the child does not 
suspect the true nature of random mixture and tries constantly to 


find within the disorder, which he considers as only apparent, a 
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hidden order of some kind based on the common properties of the 
elements: @¢Piageps ttrans suel9/da puaZzis¢c] 219)). byAsvatresul to0f 
experiments two and three, Piaget concluded that children at this 

age will give predictions that appear to be based on the probability 
concept of compensation. However it is an intuitive notion based on 
a theory of "each one gets his turn''. When confronted with trying 

to explain why the counters turned up all crosses (experiment two) 
and similarly why all the marbles in the second sack were blue 
(experiment three), the students referred to the new situation as a 
trick or showed signs of confusion. Piaget explained this reaction 
as the child's belief in a hidden order which is made manifest in the 
frequency of event A or event B. Stating this another way, the child 
will most likely make his choice on the basis of the initial order of 
marbles (I'll get red because it's first), ignoring the mixing of 
elements in the bag (Yost, Siegel, Andrews, 1962). 

Recent research has had a tendency to negate the work of Piaget, 
provided the child had an appropriate environment within which to 
work. Some studies revealed a positive factor when a form of reward 
was incorporated. 

In a comparative study with deaf and hearing children as subjects, 
Ross (1966) stated that children of this age do have some probability 
knowledge in favor of prevailing majority odds. In his study he 
approached the problem as a puzzle. A large heavy black cardboard 
box was placed before each subject. The examiner then placed into the 
box a predetermined number of yellow balls and green balls. The 


subject was then asked to pick a ball from the box by reaching through 
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a flap. Before he actually picked the ball, he was asked to predict 
the color of the ball picked. He could do this by pointing to the 
yellow ball or the green ball previously fastened to a board in front 
of him or he could vocalize the answer. A casual examination of the 
predictions of the seven-year-olds (16 subjects), showed that they 
simply altered color prediction. Ross (1966) concluded, that "present 
results make clear that children who alternate predictions are not 
consistently making a connection between the previous event outcome 
and the following prediction but instead alternate predictions with- 
out regard to previous event outcomes."’ It can also be noted that 
the child who alternates his predictions does so because he believes 
the different colors take turns. Vhiseds wineconrlact) with Piaget's 
belief that children predict on initial order. Ross further claimed 
each prediction was considered as an independent event. Even children, 
chronological age 7, showed some understanding of prevailing majority 
odds. 

In a later study Hoemann and Ross (1971) studied children with 
mean ages (year - months) 4-7, 6-0, 7-5, 10-6, in an experiment which 
was designed to use discs and spinners. The discs were constructed 
of paper, 12 inches in diameter, having different patterns of black 
and white wedges. Each subject was given 2 discs and he was required 
to choose a disc he preferred to spin for the color named by the 
examiner (probability task). The discs were changed with every 
question. The 20 pairs of discs were stacked on 2 pieces of plywood 
in front of the subject. Of the 36 questions, half the questions had 


the left disc as the correct choice and half the trials had the right 
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TABLE 1 


MEAN PERCENTAGES CORRECT BY CHRONOLOGICAL AGE 


(HOEMANN AND ROSS, 1971) 


Odd differences Chronological age 
4-6 6-0 7-6 190 - 6 
1/2 83 93 98 100 
1/4 80 87 94 97 
1/8 62 82 89 93 
comb ined 75 87 94 97 


disc. In addition half the discs were solid black or solid white 


while the remaining discs had alternating black and white segments. 


TABLE 2 


MEAN PERCENTAGES CORRECT BY CONTROL FACTOR 


(HOEMANN AND ROSS, 1971) 


Odd differences Chronological age 
4-6 6-0 ‘7 - 6 10 - 6 
1/2 92 99 100 100 
1/4 80 95 97 99 
1/8 72 88 94 96 


combined 81 94 97 99 
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To serve as a control to the experiment, Hoemann and Ross asked 
each subject questions based on proportional tasks. The subject was 
to indicate which of the 2 discs had the most black (white) in it. 
For these questions the spinners had been removed from the discs. 

The data show that the understanding of concepts of 
probability does not necessarily contribute to correct solutions since 
they can be predicted from the non-probability task. 

Therefore Hoemann and Ross designed a second experiment using 
twenty subjects, 10 boys and 10 girls in each of seven age groups. 
Each age group had limits within six months of the mean ages 4-3, 
5-3, 6-2, 7-2, 8-2, 12-2, and 13-2, (140 subjects). The task was 
for the subject to indicate nonverbally with a single spinner which 
color the pointer would point to when it stopped, black or white. 
Each subject was also instructed in a proportional task to indicate 
which color, black or white, comprised the larger total area. As in 
experiment I, the odds differences were, 1/2, 1/4, 1/8, the colored 
wedges were varied, and a third sequence was added in which a random 
ordering of the three fractional variables, odds, differences, number 
of wedges, color of correct response, was selected. The mean 
percentages correct for this experiment are given in table 3. 

Two specific results should be noted. The first is that there 
were significantly more correct responses in the combined proportion- 
ality results as compared to the combined probability results at 
each age from 4 through 8. Secondly this suggests that the single 
spinner task does test for probability concepts. From this inter- 


pretation it is valid to claim that the subjects with CA 4 were 


7 7 


4% 
Ta ie 


Jn SATE 


. f 2 f cng : 7 Pri a ct a ivy a 3 
: whi m5) bO3 hin sae 8 oi win 
ai seen hte Prego ,Sengihreqes ati) 05 ip . " 
~ > 7 : 
1. i + - z } AEC af ? 
¥ a 18m > bes P 7 i= St P| t é a) ae 
now FSetdia- a0 pei? Layla rO Sy tll aati “iets 
- rd : =» 
1 } p 
: ‘ } > é = t) 
, ' fi ( 43 eho) »f e , Six, « >4 abt Ral evs : = : i : 
ig ; . ' 
} 7 - 6 
. j UY 
; po wl at Dev té J att ' 
4 ) Sea i 
. sy I a | ~ * & ht ¢ 
5 + 
in ig Pe, \ , Si ’ 4 ' 
f ee | , ye SOT - 
= : 1 
j { a mi ~ ray 
r =| 7 7 eat a I . (i j 24 507 UE Radian: 
P| >< = he , 
oe > a " “ ; ¥ as 
gi a Capt ep ens 4 oth per ests: a 
} 4 7 i. =4 5 i jes) 4 4 is i 
% 4 mt 
‘ay j ur 4 ' f ' > 
' oF “ ’ v : : t - . 
r 1 1 
: : @ cet i aft 19.10 
: “ 
y me 
? ( uPle ay 
- e 
{ : ) 
as 
if s/ 
. | J * < it rf 9 
\ 
: 5 « b ¥% 
S a 
' J 
yi 2 LLAYAR SD 6 Spear! 84 BAA aiN 
: \ jl - F , 1 —_ 
! 9 Sear 7 PTAVS > 
ny 
; 7 4 dg reg sy Otek ae he) ee Ne AN es 
—_! ; y he 
c pace af > vA hago, vt) b4A0ade bei 
} © 
ad i Gl = 4 ‘i » 
wily bie be % 72 tg h rE adie: } on 7 4 weg to Give | VAs 7% Pa 


assy eep cil 


| > P 
a3 ere gga. re roe 7) a oh ppt ass TY no 


tote Rael 


wae ‘a 


Je 7 : i 


MEAN PERCENTAGES CORRECT (HOEMANN AND ROSS, 


TABLE 3 


Lo71) 


Li 


Odd 
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differences 


nd task 


Chronological age 


1/2 


1/4 


1/8 


Combined 


Proport. 


Prob. 


Proport. 


Prob. 


Proport,. 


Prob. 


Proport. 


Prob. 


61 


applying concepts of probability. 


66 


90 


64 


78 81 76 


99 97 99 


84 


88 


96 


87 


88 


90 


* Scores assumed to be 100 but not tested. 


This also casts doubt on Piaget's 


contention that young children cannot understand probability. 


In two successive studies (1964, 1965), Offenbach also indicated 


areas of doubt in regard to Piaget's beliefs on the lack of ability 


of small children to understand the factors of probability. His first 


study was performed with 
30 fourth-grade children 
(three reward-punishment 


placement of 10 subjects 


30 kindergarten children (first stage) and 


(second stage). 


A 3 X 2 factorial design 


groups and two age levels) permitted random 


in aneLoupi. 


A 0 - 0 group received no reward 


or punishment other than the informational feedback of confirmation or 


disconfirmation of their 


predictions. 


A 1-1 group received one 


marble for correct guesses and lost one marble for incorrect guesses; 
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children in a 3 - 3 group received three marbles for correct guesses 
and lost three marbles for incorrect guesses. The main observation 
of significance is that the kindergarten children's predictions 

were based on the immediately preceding event. These children 
appeared to be unaware of the possible sequential nature of the task. 
This behavior was consistent with Inhelder's and Piaget's description 
of behavior in the first stage of logical thinking. Offenbach felt 
that this result was due to the method of stimulus presented and 

this led him to do his second study. 

He now chose a larger sample of 72 kindergarten children (first 
stage) and 72 fourth-grade children (second stage). The experimental 
design (a 3 X 2 X 2 factorial) permitted random placement of 12 
subjects in each group. A further division of tasks into successive 
tasks and simultaneous tasks was set up. 

In comparing the results of this experiment with developmental 
theories of Piaget and Inhelder, Offenbach draws several conclusions. 

1. Kindergarten children probably have a rudimentary under- 
standing of the concept of probability. 

2. Piaget's theories (concerning probability concepts only) 
cannot be rejected by examining probability matching behavior alone. 

3. Piaget's methodology appears to be dependent more on the 
recognition of probability factors than on the ability to discrimin- 
ate frequencies. This recognition is a prerequisite to the under- 
standing of probability concepts. 


This last conclusion is also supported by the data provided by 
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the work of Ross, previously referred to. 

A group of researchers (Andrews, Seigel, and Yost, 1962) after 
studying the work of Piaget and Inhelder on probability in children 
developed a decision-making method for assessing understanding of 
probability. The criticisms of Piaget's work that Yost et al. tried 
to overcome by their design are: 

1. Piaget's method relied heavily on verbal skills. 

2. Piaget's method confounds color preference with color 
expectation. 

3. Piaget placed before the subject an assortment identical to 
that in the bag, in the interests of aiding his memory, but this in 
fact may have been confusing because the assortment was not randomized. 

4. Piaget's method provided no ppecwe) ancentive fora’ correct 
response. 

5. Piaget made no provision for statistical analysis of the 
results. 

The design that was selected differed from that of Piaget's in 
the following ways. 

1. There was little reliance on verbal skills. The subject 
simply had to point to the box he chose. 

2. The influence of color preference was controlled. 

3. By utilizing transparent boxes, the need for a duplicate 
set of chips was avoided. 

4. High motivation for correct responses was assured by the 
use of prizes. 


5. A large number of trials and repeated trials were used in 
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order to apply statistical techniques in determining whether or not 
the subject did show evidence of an understanding of probability. 

The twenty subjects selected, 10 boys and 10 girls, ranged in 
ages from 4-10 to 5-8. Each subject participated in two sessions on 
two separate days. 

The child's score was determined by the number of correct re- 
sponses he made in a series of 24 trials. A score of 12 represented 
a performance at only a chance level, while a score of 24 represented 
a performance consistent with the concept of probability. The median 
number of correct responses over two sessions on the decision making 
condition was 18. 

Yost et al. concluded from the analysis of the data, that below 
the age of 7 and even as low as 4 years, subjects have some under- 
standing of probability under situations where controls are intro- 
duced, reinforcement is increased, and a nonverbal response is 
adequate. The major limiting factor in the research of Yost et al. 
is that the number of trials in each session was too few to permit 
meaningful within-sessions analysis of change. 

A replication of the Yost et al. (1962) experiment was conducted 
by Goldberg (1966) with minor modifications. These modifications 
included differences in sampling of distributions and details of 
procedure. It is therefore not necessary to deal in detail with this 
study. It is however of interest to consider Goldberg's conclusions. 
She stated that 4-5 year-olds do involve probability judgments al- 
though these judgments may be strongly influenced by color preference, 


by confusion of number, and by proportion. 
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Recent research has provided evidence which questions the 
conclusions Piaget formulated as to the ability of children under 
the age of 7 to understand concepts of probability. It has shown 
that under appropriate conditions children of this age can use 


probability concepts to varying degrees of competence. 


B. Second Stage 


Based on the experiments discussed in section A, Piaget concluded 
that children from age 7-11 years do understand probability concepts. 
Experiment one resulted in Piaget's concluding that the main character- 
istic of these subjects (second stage) is to believe in a real and 
progressive mixture. He further divided stage II into substages A 
and B by separating the idea of randomness into a simple realization 
of existence and a refinement of the idea (Piaget, p. 18, translation 
E97D)*. 

In the experiment using the counters ''the most striking 
characteristic of the reactions of stage II is the refusal to accept 
the results of the experiment with the false counters" (all crosses) 
(Piaget, p. 18, translation 1975). Because of this previous experience, 
stage II subjects understood that the sack was filled solely with 
blue marbles. It was easy for them to grasp intuitively the absence 
of red marbles. The older the subjects, the more quickly the 
understanding developed. 

Piaget's general conclusions of this stage (Piaget, p. 229-230, 


translated 1975) of concern are that: 
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1, the idea of random mixture was globally acquired at a 
limited level (using small numbers), 

2. a beginning of inductive reasoning was indicated. Its 
function consisted of distinguishing between regularities and 
fortuitous distributions, 

3. when an extremely unlikely distribution occurred, an 
inductive search for a cause to explain such distributions other 
than by chance was indicated, 

4. probabilistic comparisons between two varying groups was 
impossible. 

Recent researchers have studied students at this stage, with 
comparative results. Ross gave considerable support to the conclusions 
put forth by Piaget (Ross, 1966; Hoemann and Ross, 1971). He conclu- 
ded that at stage II subjects cannot effectively consider successive 
outcomes when linked together. Ross supported Piaget's conclusion 
that it is easier to choose between two arrays than to predict with 
a single array. In addition, Hoemann and Ross, with a greater 
concentration on this comparison have extended Piaget's 
conclusion. Piaget considered the one - array versus two - array 
comparison only for a few children with an age range from 6-1 to 7-6. 
Ross extended this range in both directions. 

He further concluded that children with CA 7-6 to 11-0 attained 
nearly 90% success in experiment 1 with the single-array task and the 
comparable modified two-array tasks, but in experiment 2, 90% success 
was not reached until the onset of the formal operational period at 


CA 11-0 to 13-0 (stage III of Piaget). In contrast to the data of 
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Piaget and Inhelder that indicates the "discovery of chance does not 
occur until the onset of stage II", the tana Ross collected indicate 
that much of the child's first envisioning of a concept of chance is 
almost completely mastered by this age. Ross goes on to say that this 
difference may in fact be due to a matter of definition as to what 
one calls probability knowledge. 

In the two studies of Offenback (1964, 1965) he used, along 
with the subjects drawn from kindergarten, an equal sample from grade 
four. The results of this grade four sampling can be used to compare 
his conclusions with Piaget and others at the second stage level. 
Offenback concluded that age was not a significant variable in the 
concept of probability matching performance but that the older 
children (grade four) did try to find a "rule" governing the occur- 
rence of the two events, indicating that they were sensitive to the 
fact that the stimuli might be interrelated in some way. His data 
also indicated that the behavior of the older children was more 
appropriate from a probability viewpoint and that they were more 
sensitive to the sequential nature of probability tasks. These 
conclusions are also supportive of the findings of Piaget, which were 
previously discussed in this stage. 

The studies of Andrews (1962), Goldberg (1965), Seigel, and Yost 
did not use subjects beyond the stage I level. 

In summary of the related studies of Piaget and Inhelder, Ross, 
Hoemann and Ross, and Offenback, a closer similarity can be noted 
between the conclusions drawn for stage II than was the case for 


stage I. It is therefore probable because of the more comparable 
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results in recent research that Piaget's identification of the 
characteristics found in children during the age range for stage II 


is relatively accurate. 


C. Third Stage 


The ER of children in the third stage (ages 11-12), 
as Piaget concludes, are as follows. The child's formal understanding 
of probability concepts appears about age eleven or twelve when he 
advances into the formal operational stage. It is at this time that 
the process of random mixture is understood. Piaget concludes that 
this understanding is due to the assimilation of the observed facts 
in an "operative scheme based on the mechanics of permutations" 

(Piaget, p..23, translated 1975). Piaget also found that. students of 
this stage have "finer judgments". This understanding goes beyond 
the global effect in stage II and the concept is now broken into 
gradual judgments. Also shown here are increasing relativity and the 
subjects' recognition of the sense that there are many different 
forces at play as opposed to a simple attributive judgment. 

Other characteristics of the third stage subjects indicated the 
ability to structure totalities which led to the law of large numbers. 
They also indicated the recognition that the probabilities of isolated 
cases were functions of the whole. Piaget further concludes only 
here (third stage) that the mechanism of reasoning was visible. 

Other studies certainly support Piaget in his conclusions of this 
age. Ross (1966) and Hoemann and Ross (1971) in their studies, 


continued their survey through the operational stage (age approximates 
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in the first study of 11, 13, 15, and age means in the second study 
of 12-1, 13-2). Ross supported the findings of Piaget, that subjects 
must reach this developmental period before they can effectively 
consider successive outcomes as being linked together, or part of a 
whole. He further stated that subjects do not consistently relate 
predictions to consecutive event outcomes until CA 15, whereas Piaget 
felt that the mechanism of reasoning such outcomes was present at 
GAsiivand 12), 

Using subjects aged 10-16 Cohen (1957) determined four stages 
for development notions of probability. He randomly drew four beads, 
16 times, from a bowl filled with equal numbers of blue and yellow 
beads and placed them into 16 cups. The subjects were allowed to 
watch this procedure. They were then asked to tell how many of the 
cups would contain respectively: (1) four blue beads, (2) three blue 
and one yellow, (3) two blue and two yellow, (4) one blue and three 
yellow, (5) four yellow beads. He then stated that on the "basis of 
such experiments" we have found that the subjects' understanding of 


probability concepts progress through four stages. These four stages 


can be summarized into (1) subjects merely guess vaguely, (2) subjects 


realize that the most frequent content of the cups will be two blue 
and two yellow beads, (3) subjects realize that one blue and three 
yellow occur equally as often as three blue and one yellow, and that 
four blue beads and four yellow beads also have equal probabilities, 
(4) the subjects can conclude that a one to three combination will 
occur more frequently than a four bead one color combination. 


His study went on to discuss other related experiments. It is 
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wise to caution against the direct application of this study as there 
are no recorded data or methods on how the conclusions were derived. 
Mention of the study was simply to serve as a general confirmation 

of the understanding that subjects, CA 10 and higher, can perform with 


insight, controlled events of probability. 


Classroom Studies 


Three studies will now be discussed which are not directly invol- 
ved with Piaget's three stages of development but which are concerned 
with the workability of probability concepts in the elementary school. 
The first of these studies was jointly reported by Wilkinson and 
Nelson (1966). Concluding that the experiences and ideas should be 
meaningful to the students, they divided the concepts of probability 
into three types of situations. First would be "personalistic" 
situations which were drawn from data involving the students' own 
environment. These data included such items as telephone numbers, 
birthdays, heights, shoe sizes, etc. A sample question was "Which 
student is about the middle of the class in height?" Second type 
situations (familiar situations) involved models in the elementary 
study of probability concepts found in the use of coins, die, and 
cards. Questions asked included "Is it fair to flip a coin to decide 
whether Jim or Joe gets top bunk?" The last situation type dealt 
with unfamiliar situations. Here items such as a paper cup, thumb 
tack, drawing samples of beads from a container, etc. were used. In 
relation to the paper cup, the examiner asked, ''How many outcomes in 


flipping a paper cup? Which is most likely? Which is least likely?" 
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This study was conducted with a sixth-grade class, by the authors 
themselves for a three week period. There was no textbook used and 
no formal testing. The conclusions drawn were based on the subject- 
ive observations of the experimenters. Two of their conclusions were 
(1) "We feel that the most productive situations will be those that 


" and (2) "It does seem important that 


are unfamiliar to students, 
during the elementary school years, children should be exposed to 
events which have a degree of uncertainty". 

Shepler (1970) taught a class of 25 sixth-grade students a four- 
week unit in probability. It was his purpose to test the feasibility 
of teaching probability statistics to a class of sixth-grade students 
and to construct a set of instructional materials and procedures for 
such a unit. He designed fourteen behavioral objectives for the 
unit of study. A pretest and a posttest were administered. The 
pretest showed that no behavioral objective had a mean percentage 
above 80%, two objectives had means between 50% and 80%, and 12 
objectives had average means below 50%. The results of the posttest 
showed that eleven objectives had averages above 90% and only one 
objective had an average below 50Z. 

The results of Shepler's first study must be considered in 
view of two conditions not normally found in the average classroom. 
The subjects selected had a mean IQ of 117.7 and a standard deviation 
of 6.8. Each classroom had two teachers at all times. These 
conditions prevent the use of generalizations from the results. 

His second study (1973) followed a similar format with the 


addition of a retention test. The performance of the children on 
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the retention test, administered four weeks after the posttest, by 
objectives, was similar to their overall posttest performance. He 
concluded that the low initial performances on these two studies 
correlate with the findings of Piaget in that most of the students 
at this age have not yet acquired the formal-operational stage of 


development. 


Dissertation Studies 


This segment of research naturally divides itself into two sections. 
The first section will deal with studies that examine the status of 
certain basic concepts of probability possesed by children in the 
elementary grades. Section two will deal with studies that involved 


the teaching of probability concepts to students in grades K-6. 


A. Probability Surveys 


Research has indicated that children do acquire notions of 
probability before they receive any formal education. Researchers 
have been prompted by this to determine what basic probability 
notions are inherent in children and if the variables of age, sex 
difference, general ability, arithmetic ability, IQ, etc. are in 
fact significant. 

Doherty (1965) tested 54 grade four, five, and six subjects to 
determine their intuitive understanding of four selected concepts of 
probability. The concepts selected were (1) the idea of a sample 


space, (2) the probability of a simple event in a sample space, (3) 
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the probability of the union of non-overlapping events in the 


sample spaces, and (4) the idea of the difference between mutually 
independent events and mutually exclusive events. She concluded that 
the subjects had acquired considerable understanding in dealing with 
the selected concepts. This understanding, she said, must have come 
from everyday experiences and not from formal education. The four 
eonceptsydid not significantlyidifftfersin lLevelsofedifficulty: 
Chronological age and sex did not significantly affect the subjects' 
familiarity with the concepts. Familiarity increased significantly 
with grade, teacher rating, mental age, arithmetic achievement, and 
general achievement. 

Leffin (1968) sampled 528 grade four, five, six, and seven 
students to determine the status of three basic concepts of prob- 
ability; (1) finite sample space, (2) probability of a simple event, 
and (3) quantification of probabilities. The subjects were 
categorizedsaccording stomsex, lQs-and jerade qA test of 110 eo0r gl2 
items was constructed for each concept. Leffin found a significant 
relationship between the number of correct responses and IQ, and 
between the number of correct responses and grade level where high 
performance paralleled high IQ or grade seven and low performance 
paralleled low IQ or grade four. Sex differences only indicated a 
marginal significance on tests I and III. Since the subjects had 
no formal education in probability, the most significant outcome is 
the students’ ability to understand and apply the concepts tested. 
He concluded this to be a result of their background, experience, 


and, intuition. 
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Mullenex (1968) tested 109 grade three, four, five, and six 
students to determine if age, sex difference, general ability, and 
basic skill in school subjects could be used as predictors for the 
subjects' understanding of probability concepts. He constructed a 
probability test based on Piaget's work on chance concepts. The 
variables of age, general ability, vocabulary skill, work habits, 
and age were not found to be significant predictors. The F ratios 
indicated that there was little or no significant differences among 
the variables of sex, reading skill, arithmetic skill, and problem 
solving skill. 

Although Doherty more clearly defines her recommendations, 
Mullenex and Leffin also agree that selected concepts of probability 
should be included in the elementary school program. Doherty 
cautioned against a rapid movement in this direction and stated the 
need for teacher preparation in the subject area. 

Two more recent studies, Jones (1974) and Squire (1978) studied 
students in grades one, two, and three in suburban schools. 

Jones took five concepts: (1) the outcomes of sample space, 
(2) most favorable event in a sample space, (3) most favorable sample 
space for a given event (event probabilities presented in the forms: 
a/n, b/n, c/n), (4) sample space equally favorable to a given set of 
events, and (5) the most favorable sample space for a given event 
(probabilities present in the forms: a/x, a/y, a/z). The 162 subjects 
were categorized by grade, 1Q, and embodiment. The grade three 
subjects had better overall performance than that of either the 
grade one or the grade two classes. However their performance had 


a significant difference only to the performance of the grade one 


ay we aa ey eh 


ie , 
i ‘ath a afk bad 


on Wome t vata dis Liest <u Mk Lae es hat 
rnd ' | oh Ene ee 


i” Mi ed BITC LONG BA, beni ode Dillioe 'y 


ibe 4 j 
i # 
‘é hediete et Ue ” ei Ppa Sore ao! ons MY ‘- 
¥ : 7 4 ore Pe 
2: * rm 
a : oy, We if 
igat’T" ieyivs | 20Sf: = “OO ‘p> Pies by Om Av “i s oP 
bt) ci 
ry 5 7 
§ i aL Gi SR (i hall 
. : an) 
in : 
- : . rey cast, oes rake. ae 
- a 
i 1 ty = 2 \ | ty 
‘ iy? ¢ a § 50 5 re { 
4 $ / : 
n ' t ‘ ’ 7 pe LY, 
; 4 > 7 anal 
i> > a - 
We LA 
> y i ee ees 
a» j ¢ . : 
0 ag: ! t La <) : f, 
F » f 5 1y L Ly T i) } er on rt t, uae? ae 
; A 
7 7 oe re * A : 4 
peel rae tas in inka ot ' 
J ; y ; feel 
' ry ys » “a i. ~ “ 
Y ‘co en ; f { Du ee | oy a Of nes 
- ied Allin ah a fii 
\ j 4 : ‘ Pa i 
itt j j " LT, Reapers e” eA. ratio 
hy a : 
; a ' > i] 
= > A bi 
‘cs in avs 
Y i i +219 ria *, ¢ rat 
ry 7 _ 
{ ‘ 
tos Fis 
ge by 
hes ra’ ~ La . 
) y 
: 7 the, 
bid Py Se eens. pwr ae 
\ ; Fon 
k } 
Vex) 
: iv o@ fi ‘ 
- 
- ‘4 t fis +h “ ‘die & AL. =e, i sale » 4 “op 
t t 7 fiat ne i 1) 6 aa a 
\ * Aq 
\ t = — : 


vy. 


afi a er | rAd is A te . Avi ty) t Ri ow ARK ay oe a ; 
| ia 4 r » ’ 
<3 i. o4 he! y ( Ie 7 4 a tokio fi i wT YY } i] wo ae ~ 
; . ‘i af) 
i Fi ' 5 7 ; we ‘| 
jen ad ih L Als get 4 tse ae ins ito MwA m4, wh ok eet sORSF ‘ae 
1 oa 7 : 


¥ 


pt 


~ Je en Ga? 
| abhi | 
ia Seip rt, i os 
. 7 7 f 7 


4) rea 


| 
wide aniltia 


ae 


oe aN ‘gn eee 
Zt 


Se oT 


iret 


_". 


: * ‘Oe abe mrs Avan 


7 
OP es tery edt An a 


es 


ea) 


Si vel a) Cee 
bean ditt ‘yee 


iu hte ak cit or 


Bee: 


at iar eg 


af 
pany; aoe MN levee “saat i 2. e 
at , yong? 


oT fan 


P nea 
bey ey PS “ f 


. 
{a 


class. 

The performance of grade two subjects was also significantly 
higher than that of the grade one class. Within each grade, there 
were significant differences between the performances of IQ groups. 
High performance was paralleled with the high IQ group, and low 
performance with the low IQ group. Jones concluded that (1) 
children in the primary grades have begun to acquire some knowledge 
of probability and (2) that some concepts of probability could be 
introduced into the primary mathematics curriculum. 

Squire's study determined the status of six concepts of 
probability, the level of quantification of probability present in 
the subjects, the performance difference due to the embodiment of 
the probability setting and the predictor effect of sex, grade, and 
IQ. The concepts selected were: (1) events ina sample space, (2) 
most favorable event, (3) most favorable sample space for a given 
event, (4) sample space equally favorable to a given set of events, 
(5) impossible event and (6) certain event. The performances of the 
72 subjects indicated that concepts 1, 2, 3, and 6 were understood 
by at least 75%. The level of quantification of probability across 
the three grades had a mean of 42% correct. No significant effect 
was found due to the three embodiments of spinner, block, and box. 
Sex, grade, and IQ were all found to be of significance when considered 
on the total test. There was also found to be a marked increase in 
understanding of probability concepts as the subjects pass through 
grade three. Squire concluded that experiences and activities could 
be provided from grade three onwards which would develop further 


concepts of probability. 
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If the recommendations of Jones and Squire are added to the 
previous recommendations of Doherty, Leffin, and Mullenex, curriculum 
writers should give consideration to the inclusion of selected notions 


of probability throughout the elementary mathematics curriculum. 


B. Classroom Studies 


Several researchers have attempted to develop the concepts of 
basic probability in children. This was attempted through a sequence 
of instructional periods. Pretests, posttests, and retention tests 
were often used to test if the concepts were learned and retained. 
Gipson (1971) investigated the teaching of two concepts, finite 
sample space, and the probability of a simple event, to eight 
students from grades three and six. Two pilot studies were used. 

The first pilot study was used to determine the effectiveness of the 
materials to be used, the appropriateness of the concepts to be 
taught and the students’ intuitive knowledge of probability. The 
second pilot study served to identify and evaluate a set of lessons 
that would be appropriate for elementary school children. 

The individual-based instruction sequence for six students was 
audiotaped and the sequence for two students was videotaped. All 
tapes were later transcribed for detailed analysis. 

Evidence collected from the pretests and posttests showed that 
both third and sixth grade students can learn these two concepts of 
probability. The author concluded that grade three was an appropriate 
grade to introduce selected probability concepts. 


McLeod (1971) also used the experience gained in study A of 


two parallel studies to modify instructional techniques for study B. 
An eight to ten day unit on probability was prepared and taught to 
second and fourth graders. Three experimental treatments, (LP) 
laboratory participation; (TD) teacher demonstration; and (M) no 
instruction between pretests and posttests, were assigned at random 
to classes of students at both grade levels in a single school. For 
study B, a control classroom (C) was added from another school. 
Although the character of the treatments was the same across both 
grades and common worksheets were used, the learning activities for 
grade two were less extensive. 

The pretests indicated that most second graders as well as most 
fourth graders were able to use the concept of "likely" before 
receiving any instruction. Treatment groups LP and TD were 
significantly superior to group C at each grade level in study B on 
the early posttest measures. The treatment effect did not affect the 
learning level as indicated on the posttest measures or the retention 
‘measures. Reading ability, IQ, and sex did not have an effect on 
individual performances. 

In an earlier study, Shepler (1969), gave support to the 
feasibiliby of teaching selected concepts of probability to 
elementary school students. For this study a unit was developed, 
based on the system of developmental modes, which encompassed the 
concepts of subjective probability notions, empirical probability, 
counting techniques, a priori probability including simple and 
compound events, and comparison of two events using probability. The 


unit was taught to a class of 25 sixth graders of average and above 
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average ability. To determine the feasibility of the unit, pre- and 
posttests were designed to measure the fourteen behavioral objectives 
Of sthesunit. 

The instructional treatment was concluded to be generally 
successful. The posttest percentage was 92.8% while the pretest was 
37.9%. Eleven of the 14 behavioral objectives were highly mastered. 
The three unsuccessful objectives involved specifying the estimated 
probability, numbering the outcomes of an event, and estimating the 
probability of an event from the data. The author stated that the 
lack of mastery of these three objectives was a result of a lack of 
emphasis on the part of the instructor and insufficient practice 
given to the students. 

Shepler, McLeod, and Gipson have successfully taught concepts 
of probability to elementary students ranging from grade two to grade 
six. Although Gipson used the personal interview approach to 
teaching, his study still gives support that students do have 
experiences which develop certain intuitive notions, based in 
probability. These notions can then be built upon by instructors 


into the more formal use of probability. 


Probability im. Curriculum 


A number of publishing companies and study groups have printed 
probability units as supplements to curriculum or enrichment series 
since the early 1960's. A few references will be given below as a 
sampling of available programs. The Macmillan Company, (1963) 


developed a programmed instruction textbook, What Are The Chances. 
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It develops an understanding of what probability is and covers the 
topics: sample spaces and random choices, partitions and complements, 
conditional probability, independent events, and statistical probabil- 
ity. The authors do not indicate the grade level that it is designed 
for; however, because of the reading level it would probably fit best 
in the Junior High and upper elementary grades. 

The School Mathematics Study Group (SMSG) has given considerable 
study to the matter (1965, 1966). Their work included Teacher's 
Commentaries and Student Texts. They covered two levels, namely 
Probability for Primary Grades and Probability for Intermediate Grades. 
This program covers a wide range of concepts too numerous for this 
reference. 

Mathematics activities have highlighted more recent mathematics 
curriculum. Scott, Foresman (1971) published an activity oriented 
probability unit. However, no grade distinction or concept develop- 
ment was indicated. 

Buckeye (1970) and Shulte/Choate (1977) have also attempted to 
get probability activities into the elementary schools by preparing 
activity oriented experiments for the students. 

Curriculum writers and publishers have not shown a detailed 
outline of topics within probability that could be implemented at 
the elementary level of education. Harvey (1972), using task 
analysis, has attempted to provide a sample sequence chart for 
grades K-8. His selection of concepts involved 11 major concepts 
taken from statistics and probability. Behavioral objectives were 


then determined for each section and a task analysis chart was 
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constructed. It appears that the tasks involve more statistics 
than probability and are beyond the ability level of the student at 


each level as determined by the literature previously discussed. 
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Chapter 3 


DESIGN OF THE STUDY 


DESCRIPTION OF THE POPULATION 


The population for this study consisted of grade three and four 
students of varying levels of achievement and socio-economic back- 
ground. These students receive instruction in regular classrooms 
operated by public school systems, separate school systems, and 
parochial or private school systems. The curriculum being taught in 
these schools has been approved by the regional Department of 


Education. 


DESCRIPTION OF THE SAMPLE 


The sample was selected from the grade three and four students 
enrolled in Brookwood Elementary School, a suburban school just 
outside the confines of the City of Edmonton. The school's 
enrollment came from a rapidly developing community, the local 
farming community, and families living on small acreages. It was 
assumed that by obtaining a sample from this setting, a representative 
sampling of subjects from middle and low socio-economic status 


families was obtained. 


SELECTION OF SAMPLE 


The principal of the school was contacted and asked to make 60 
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students available to the researcher from grades three and four. 
Thirty male and 30 female students were requested. 

There was no attempt made to ensure that equal numbers of students 
were selected from the two grades. 

When the researcher arrived at the school for data collection, 


the list of pupils had already been prepared. 


THE TESTING INSTRUMENTS 


Three testing instruments were used in the collection of data: 
1. the Lorge-Thorndike Intelligence Tests. 
2. the Canadian Tests of Basic Skills. 


Sv" )the’probability test. 


The Lorge-Thorndike Intelligence Tests 


These are a series of tests designed to determine the ability 
of an individual to work with ideas and the relationships among them. 
The two specific test batteries used were: 
1. The Lorge-Thorndike Intelligence Tests, Level 3, Form A, 
Verbal Battery, re-usable edition. 
2. The Lorge-Thorndike Intelligence Tests, Level 3, Form A, 
Nonverbal Battery, re-usable edition. 
The Verbal Battery was used because most of the ideas individuals 
deal with are expressed in verbal symbols. It was hoped that a 
relationship could be established between this type of expression and 
the overall score on the probability test. The Nonverbal Battery was 


used because of the presence of slow learners who may be restricted 
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in their verbalization of ideas. It was assumed that by including 
this battery, such students would not be penalized in any way. 

Each of these two standardized tests required the use of distinct 
answer sheets. These were utilized in the study and students were 
given instruction on their use. These sheets were then hand scored 
using mask scoring keys which were obtained from the publisher 


(IBM H90916 and IBM H90917). 


The Canadian Tests of Basic Skills - Form ! (CTBS) 


The CTBS are used to determine how well students have mastered 
the basic skills. The areas tested are: vocabulary development, 
reading comprehension, the mechanics of written expression, appli- 
cation of special reading techniques to work-study materials, and 
mathematical understanding. The basic skills associated with 
mathematics understanding are evaluated in two tests, mathematics 
concepts and mathematics problem solving. These two tests were the 
only ones administered from this battery. 

Students were instructed how to use answer sheets to record 
their responses. These answer sheets were later scored using an 


answer key, provided by the publisher. 


The Probability Test 


The probability test was designed by the researcher. The design 
allowed for the testing of six concepts in each of three representa- 


tions or modes. This resulted in a 6 X 3 matrix having 18 cells 


(Table 4). 
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Two questions were written for each cell. These questions were 


to be asked in sequence. 


TABLE 4 


CONCEPT MATRIX 


Concepts Modes 


Instructional Modes 


The works of Piaget, Bruner, and numerous other research studies 
referred to in chapter two suggest that children acquire some notions 
of probability outside of a formal instructional setting. The hierachy 
of notions is presumed to progress through identifiable stages from: 

I, the concrete representation; II, the pictorial representation and; 
III, the symbolic representation. It has been further hypothesized 
that as the concept is developed progressively through the three modes, 


the learner shows a greater understanding of the concept. 


The probability test was designed to test each of the six 
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concepts in each of three modes (see Table 4). Twelve questions were 
asked in each mode, two for each concept. A set of materials and 


apparatus was devised for the test. 


Apparatus and Materials 


Concrete Materials 


Five sets of apparatus or embodiments were either purchased or 
constructed: 

1. A selection of wooden beads was purchased at a local hobby 
shop. Each bead was approximately three centimetres long and two 
centimetres in diameter. The 20 beads consisted of five beads each of 
four colors; green, blue, brown, and yellow. 

2. Eight wooden cubes (two cm X two cm X two cm) were painted 
in different ways. 

a. two cubes had each side painted one of six colors; blue, 
yellow, green, white, orange, and red. 

b. two cubes had opposite sides painted one of three colors 
with one cube having yellow, blue, and orange sides and 
the other cube having red, white, and green sides. 


c. two cubes had three adjacent sides painted one of two 


colors; green and white, and red and yellow respectively. 


d. two cubes had all six sides painted one color, either 
blue or orange. 
3. Four plexiglass (plastic) spinners were constructed for 


the investigation. The round disc and spinner were mounted on 
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six mmnasheetss (23° cm) X23 cm) of white plastdextethe foursdia= 

grams below indicate the color beotaetibae of each spinner. The 

ratio for each spinner was: spinner A (one-half orange - one-half 
green); spinner B (one-third red - two-thirds yellow); spinner C 
(one-quarter yellow - three-quarters red); and spinner D (two-quarters 


orange - two-quarters green). 


FIGURE 1 


PROBABILITY SPINNERS 
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Each disc was approximately 20 cm in diameter. A red plastic 
arrow (1.5 cm wide and 15 cm long) was fastened to the center of each 
disc: 

4. Two sets of six tennis balls each were purchased at a 
sports store. One set of balls was white and the other set of balls 
was yellow. 

5. A selection of 40 large glass marbles (two cm in diameter) 
was purchased at a hobby shop. There were eight marbles each of 


Eivescororss.. Clear. white, black.) red, and vel low. 


Pictorial.Materials 


One 8" X 10" (approximately 20 cm X 25 cm) color photograph of a 
specific set of apparatus was taken for each of the 12 questions 
asked in the pictorial mode. The apparatus was selected from the 
five sets of material described above. 

The twelve pictures were numbered to correspond with the question 
number for easy retrieval (Appendix A). They pictured: 

1. three red marbles and two black marbles, 

2.. Spinner D, two-quarters - two-quarters, 

3. three red marbles with one white marble, and a wooden cube 
with all shown sides painted blue, 

4, spinner B, one-third - two-thirds and three white tennis 
balls with two yellow balls, 

5. three brown beads and three green beads, 

6. three red marbles and two black marbles, 


7. five brown beads and two yellow beads, 
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8. spinner B, one-third - two-thirds, 
9. six yellow tennis balls and six white tennis balls, 
10. seven yellow marbles, 
ll. spinner C, one-quarter - three-quarters, 
12. one wooden cube with one side yellow, one side orange, 
and one side blue being shown. The blue side appeared to be black 
on the photograph. 
Each picture was placed in a clear plastic folder for protection 


of the picture surface. 


Symbolic Materials 


The 12 questions asked in the symbolic mode used only verbal 
symbolism. It was decided that no new embodiments would be introduced 
for these questions. The selection of a particular embodiment for 


each question will be discussed later under embodiment selection. 


Concepts Selected 


The research identified several basic concepts inherent to the 
study of probability. From them, six basic concepts were selected 
fORetise.in this test. 

A. Sample space - single outcome. The subject was expected 
to indicate that there may be several answers to a single probability 
task. 

B. Sample space - ordered pair outcome. The difference 


between this concept and concept A is that there is a combination 
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answer. The subject was expected to respond in the order in which 
the outcomes occurred. 

C. Equally likely event. Alternative outcomes could occur 
with equal frequency. 

D. More likely vs. less likely event. A probability task 
was designed which favored one outcome over another outcome. 

E. Impossible vs. certain event. The task was designed to 
ensure that the predetermined outcome could not occur (impossible 
event) or that the predetermined outcome would always occur (certain 
event). 

F. Probability of simple events. The frequency of the 
identified outcome was to be expressed as a ratio. 

The above concepts allowed for a wide range of probability tasks. 
The verbalization of the tasks could range in difficulty from every- 
day language; equal, impossible etc. to more probabilistic language; 
probability of an event etc. Each concept was questioned in each of 
the three modes. This allowed an environment to exist in which the 


developmental aspect of the modes could be examined. 


Embodiment Selection 


Several guiding principles were followed in the selection of the 
embodiments for the various tasks. They are that: 
1. two embodiments would be used in each cell. 
2. all five embodiments would be used for each concept and 
one embodiment would be duplicated. 


3. twelve embodiments would be used for questioning concept 
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B to allow for the ordered pair outcomes. 


4, the rotation of embodiments would also be used in the 


symbolic mode. 


Table 5 indicates the selection of embodiments for each concept 


and mode. 


TABLE 5 


EMBODIMENT SELECTION 


Concepts Modes 
I II Ill 
A a. spinner warbles balls 
b. blocks blocks beads 
B a. spinner to spinner balls to balle beads to beads 
b. blocks to balls marbles to blocks balls to spinner 
Cc a. spinner beads marbles 
b. balls spinner blocks 
D a. spinner beads blocks 
b. balis spinner marbles 
E a. balls spinner beads 
b. blocks marbles balls 
F a. blocks spinner marbles 
b. marbles blocks beads 


Questions were now written for use in the test. 


Probability Tasks 


During the development of the probability test, the 36 tasks were 


numbered in a manner so that the second question in each cell followed 
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the first question. All six questions for each concept were developed 


consecutively. The thirty-six protocols are given in Appendix A. 


Question sequence 


Each subject had two 15 minute sessions with the examiner. 
Eighteen questions were administered each session. The two questions 
in each cell were asked consecutively. Concepts A, C, and E were 
asked in the first session and concepts B, D, and F in the second. 
To minimize the teaching effect three controls were used. 

1. There was no scoring of responses when the student was 
present. All conversation between the examiner and the subject was 
audiotaped. In this way the subject could not interpret whether 
his response was correct or incorrect by watching the examiner code 
the responses. 

2. During the examination period, the examiner gave no 
verbal indication of whether the subject had given the expected 
answer or not. 

If the student had received some positive re-enforcement 
(either 1 or 2 above) for correct responses and no re-enforcement 
for incorrect responses, a negative climate may have been created. 
Also if the examiner had given a comment like "good", "fine", or 
"well done", for a good effort even though the responses were 
incorrect, the eyed may have been led to believe that responses 
were correct. Reaction of this nature may have caused the subjects 


to give what they felt were expected responses instead of being free 
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to answer as they really thought. 
3. The subjects were divided into 6 groups of 10 students, 
5 boys and 5 girls. The subjects were chosen in the order in which 
their names appeared on the prepared list. Each of the groups was 
then assigned to a specific question sequence. This ensured that 
only 10 students would be examined on.a particular concept in each 
of six question sequences. 
Two additional factors arose from sequencing the questions: 
a. the subjects were not tested on all six questions in a 
specific concept consecutively and 
b. the sequences of modes were varied from concept to concept. 
Therefore, the subjects would have difficulty trans- 
ferring information learned from the questions asked in 
one cell to the questions asked in a subsequent cell in 
any given concept. 
The six question sequences appear in Table 6. The first 
examination period for each of the 60 subjects was completed before 


any second session was started. 


Mode Sequence 


Because of the hierarchial nature of the three modes it was 
deemed necessary to vary the sequences in the modes. This sequencing 
was achieved in the ordering of the peeeticnes 

For example, concept A, question sequence 1, has the number 1 
for mode I, 8 for mode II, and 6 for mode III. That is, the questions 


for mode I (1) were asked first, the questions for mode III (6) were 


a Pr 


re 


os nip eh TET, be 
a i wey hil 


'e... 


2 
v 


it 


ot ie 


+a wil sy 


be 

- i hes "\ 
*.% a 

ipisings ha iy 


Co die 
c. y | iy hae 4 ne 
? WE [rma o¢ 
ay “Te Katia i ar  eiihe © he Des 
‘ it a ’ , 

ue a 7 . i ‘a wea - : ac’, on 
aa eT | if’ Jai ‘ i Steg date i 42" ike 3 id 7 a 


i ‘ : a 
7 A big 7 } 
re ‘ _ 
{ f Tit) ita a Si « oft i J eH ue a) ‘ 
7 try = eh) Pup tan ess) 2 if 
= i ty i v - : 
‘ ; ‘ ii = Ae % ee ® “A ‘hes : 
} ; 
™~ os 
} 7 7 
1 asaas +; os s 27 ST isa A ,4& 
y - ye ty > j 
Ray A ‘ : 7 : 
2 nth i on 
as 17Se } mar An vie Caene / 
‘ i 7 4 cr : 
i y te is by 1 ‘ U y 
4 i b OOM. 7 oO tls ais if ae ity a vi 
' ! ‘ ; j v¥ a 
» ; i i its ay 
ha) a : 1 SLO RS ye ae 
fey a tt . Ss 7 ie 
j : e r Pee ae «. , a! 
TG tae Ps roche eae De. dares ath : 
A iy hw hin 2 
= ’ @ ' ney Mogi: na Ly } 
pt j | ea Pe et F + 
Tiit. ER be Nab ineop Meee 
( aa ' Bon ES 
t ei 
' iv) f 
# a - 4 ‘i ?> Mi j 
7 y “ 
7 
- ~ vA 
tlip). 22 stetnis 25 ticuip se ey fy my sor 
: ! d ud? : « 
¢ 7 . i r ’ val 
j i 4 aC ake 1 le" . ren pe hea 
Ly as : 4 a pit 
betwee Wal! eo teate ped ae . ¥ 
“bl ee Pony if i. 
: 7 j ] 4 
hws eT . MG rs] 
iy ; uy : = J + - 4 7 
we ; 
es rag beg) 
y 4 1. Sayer \. 
if a ri .. : “ Er ey aia 
{ : . Ae, J ; 7 
; Ff oer! es i? i 
i A " 
genom. oe ia i ig gine hd (a sina A a 
7 ik : a 
Ry’) JS Vv 
; : odin, ua * enn 
, eee 


49 


TABLE 6 


QUESTION SEQUENCES 


Sequence 1 Sequence 2 
Concepts Modes Concepts Modes 
I II III I Il Ill 
A 1s 8 6 A 8 1 6 
B 4 2 9 B 2 4 9 
Cc 7 5 3 c 5 7 3 
D 10 17 15 D 17 10 15 
E 13 ll 18 E 1 13 18 
F 16 14 12 F 14 16 12 
Sequence 3 Sequence 4 
Concepts Modes Concepts Modes 
I II Ill I It Ill 
A 1 6 8 A 8 6 1 
B 4 9 2 B 2 9 4 
Cc 7 3) 5 c 5 3 7 
D 10 15 17 D 17 15 10 
E 13 18 1 E 11 18 13 
F 16 12 14 F 14 12 16 
Sequence 5 : Sequence 6 
Concepts Modes : Modes 
I II Ill I II Ill 
A 6 1 8 A 6 8 1 
B 9 4 2 B 9 2 4 
Cc 3 7 5 Cc 3 5 7 
D 15 10 17 D 15 17 10 
E 18 13 1 E 18 1 13 
F 12 16 14 F 12 14 16 


* Each number refers to both questions in each cell 


asked second and the questions for mode II (8) were asked last. This 
gave a mode sequence of I - III - II for concept A in question sequence 
1. Six mode sequences were determined: I-II-III, I-III-II, II-I-III, 
II-ITI-I, III-I-II, III-II-I. Each subject answered questions in each 
of three mode sequences. In the two sessions, questions on concepts 

A and B, C and D, E and F, followed the same mode pattern. The six 


questions of each concept were administered to 30 subjects in 
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identical order. The mode sequences for each question sequence are 


shown in table 7. 


TABLE 7 


MODE SEQUENCES IN RELATIONSHIP TO QUESTION SEQUENCES 


Question Sequence 1 Question Sequence 2 


Mode Sequence Concept Mode Sequence 


Question Sequence 3 ‘ estion Sequence 4 
q q 


Concept Mode Sequence Mode Sequence 


Question Sequence 5 Question Sequence 6 
Concept Mode Sequence ; Concept Mode Sequence 
A Ir - per ES Ow A Wm I - Il 
Cc CIs ya" ihr) = I c {Bis ce BOGE = it 
E i = ily =e = II E IG 3S It - III 
B Il - I BYE B Ill - £0 c=" iT 
D III oo ae I D DIS = Ty =k 
F Lis = STI y= It F te II - Ill 


The rotation of modes in this manner was important for two 


reasons. 
1. The possibility that a subject could formulate a scheme 


whereby an assumed correct outcome would be taken from one mode and 
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directly applied to another mode was reduced. 
2. Since each subject was tested in three mode sequences, two 
concepts each, 30 subjects were tested in each of the six mode 


sequences. 


PILOT STUDY 


A pilot study was conducted just prior to the collecting of the 
data. The test was administered to one grade three student and two 
grade four students in a manner similar to that previously discussed. 
However subject responses were not audiotaped. 

The purposes of the pilot study were to determine if the 
protocols were eliciting the kinds of responses that were anticipated, 
if the verbalization used in the questions was understandable by 
grade three and four students and if the embodiment selected was 
suitable for each question. 

The pilot study revealed that test items and materials seemed 
to be consistent with the possible range of abilities of grade three 


and ‘four students. 


ADMINISTRATION OF THE INSTRUMENTS 


The instruments were administered during the last week of May 
and the first two weeks of June, 1976. The Lorge-Thorndike Intelligence 
Tests and the Canadian Tests of Basic Skills, mathematics portion were 
administered first to all 60 subjects as a group. The probability 


test was administered over the next 10 school days. A small room 
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with a table suitable for testing purposes was provided by the school. 
The subjects were given as much time as they needed to complete the 


18 questions in each session. 


DATA COLLECTION 


When writing the standardized tests, the subjects recorded their 
responses on IBM answer sheets. The researcher hand scored these 
sheets at a later time. 

At the beginning of each session of the probability test, each 
subject was informed that everything that was being said was to be 
recorded. This discussion was kept at a very informal level. The 
subjects were asked if they had a tape recorder at home, or if they 
had ever heard themselves speak on a tape recorder. In some cases, 
at the beginning of the first session a student spoke into the 
microphone and then the recording was played back to him. This pro- 
cedure seemed to make the subject feel at ease. Not one subject 
objected to the procedure of being recorded. The testing sessions 
were recorded on 60 minute cassette tapes. The combined time of 
both sessions for each subject did not exceed 30 minutes. After the 
data had all been collected the researcher scored each student's 
responses by listening to the taped conversations. A summary sheet 
(Figure 2), devised for this purpose, was used to tally individual 
responses. 

A file folder was also kept for each subject. Each individual's 
answer sheets and summary sheets were filed under questioning sequence 


and name. 
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FIGURE 2 


SUBJECT'S SUMMARY SHEET 


Name: Birthdate: 
Question Sequence: Grade: Sex: 


Concept Mode Concept Sum 


Mode Sum 
Total Score: 
Math Score: Concepts » Problems’ (%ile) 


IQ: Verbal » Nonverbal 


CODING THE DATA 


A different coding system was necessary for each of the 


testing instruments. 
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a. The Lorge-Thorndike Intelligence Tests. 


Using the scoring key provided by the publisher, raw scores were 


obtained for each subject on the verbal and the nonverbal intelligence 


tests. The scores were then compared with the table of norms found 
in the Examiner's Manual to obtain individual intelligence quotients 
(IQ). These IQ's were recorded on the subjects' summary sheets. 

b. The Canadian Tests of Basic Skills. 

The raw scores were obtained for both mathematics tests by 
hand scoring each of the answer sheets. Using the conversion tables 
found in the Teacher's Manual for the tests, these scores were 
converted to grade equivalent scores and then to percentile rankings. 
The percentiles were recorded on the subjects’ summary sheets. 

¢.eblhe #Probabtlitve Test. 

Each correct response received a score of one and each incorrect 
response received a score of zero. The criteria for scoring correct 
responses are found in Appendix B. A complete testing session has 
been transcribed and included in Appendix C. The tallies were then 
summed to find the concept totals, mode totals, and the test total. 

The mode sequence totals were more difficult to tally, therefore 
separate tables were devised for this purpose. The highest possible 


score each subject could obtain for any mode sequence was 12. 


NULL HYPOTHESES TO BE TESTED 


1. Given subsets of scores of the probability test, there is 
no significant difference between the means for: 


a. the high age group and the low age group. 
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b. the grade three students and the grade four students. 


cs *the ‘boys and 


2. There is no significant relationship between the scores on 


the girls. 


the probability test and the scores on the: 


a. standardized 

b. standardized 

c. standardized 

d. standardized 

3. Given subsets of 

no significant relationship 
ins 

a. the concrete 


b. the concrete 


verbal intelligence test. 

nonverbal intelligence test. 

mathematics concepts test. 

mathematics problem solving test. 

scores of the probability test, there is 


between the scores obtained by subjects 


mode and the pictorial mode. 


mode and the symbolic mode. 


c. the pictorial mode and the symbolic mode. 


i eaGiven cubsete rot 


scores of the probability test, there is 


no significant difference between the mean of the sequence means and 


the mean in each of the mode sequences. 
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scores of the probability test, there is 


between the scores of concepts 1 through 


6 when concept scores are considered in pairs. 
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ANALYSIS DESIGN 


Two statistical tests were used to analyze the data. A computer 
correlation test, DEST 02, was used to determine relationships between 
the 14 variables in the null hypotheses 2, 3, and 5. The 14 variables 
for each student were obtained from the subject's summary sheet. They 
were the subject's: 

1. IQ on the verbal intelligence test, 

2. IQ on the nonverbal intelligence test, 

3. percentile in the mathematics concepts test, 

4, percentile in the mathematics problem solving test, 
5. score for the concrete mode, 

6.. score tor the pictorial mode, 

7. score for the symbolic mode, 

8.) sS€ore for concept A, 

9. score for concept B, 

10. score for concept C, 

bie) score for concept..D; 

i235 "Score Lor iconcepes&, 

13. «scores for concept iF, 

14. score for total probability test. 

A single run of DEST 02 determined all possible correlations 
between pairs of the above variables. 

A one-way analysis of variance test, ANOV 15, was used to test 
null hypothesis 1 and 4. Unlike the correlation test individual runs 
were used to determine if any significant difference was to be found 


between the means of the scores of the probability tests for subjects' 
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age, grade, and sex, and for the means of the scores for the six mode 


sequences. 


ey) 


Chapter 4 


FINDINGS AND ANALYSIS OF THE STUDY 


Since the hypotheses stated in Chapter 1 and further described in 
Chapter 3 were analyzed through the use of two basic statistical test 
styles, the findings and analysis are presented in two sections. The 
first section contains the findings and analysis that relate to hypo- 
theses 2, 3, and 5. Section two contains a description and analysis 
of the findings related to hypotheses 1 and 4. The hypotheses were 
grouped as indicated because of their relationship to statistical 


correlations and analysis of variance, respectively. 


FINDINGS AND ANALYSIS WITH RESPECT TO THE HYPOTHESES 


During the testing and data collecting, as described in Chapter 3, 
certain data were collected for the subjects and subsequently recorded 
on the individual summary sheets. 

The variables and scores tabulated in Table 8 are Age, Grade (GR), 
Sex, Verbal IQ (V.1Q), Nonverbal IQ (N.1IQ), Mathematics Concepts 
Percentile (MC), Mathematics Problem Solving Percentile (MP), and 
Probability Test Score (PS). 

The data which corresponded to age, grade, and sex were coded for 
use by the computer as follows: 

1. Age. The sample was divided into two age groups: high age 
group and low age group. The critical age used to divide the sample 


was 9 years 7.5 months. 
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TABLE 8 


Age GR. Sex V.1Q N.1Q MC MP 
0 3 fr) 119 113 56 76 
0 3 0 126 125 14 61 
0 3 ry 106 115 34 60 
1 3 0 92 96 43 22 
1 4 0 105 119 55 39 
1 3 1 96 77 7 2 
i) 3 1 114 110 23 43 
0 3 1 112 107 14 27 
0 3 1 139 114 82 87 
0 3 1 106 106 76 60 
0 3 1) 108 93 12 48 
0 3 0 108 112 38 64 
0 3 0 109 105 24 60 
0 3 0 133 125 95 99 
0 3 0 115 100 6 43 
1 4 1 88 108 4 3 
1 4 1 113 108 55 60 
0 4 1 150 130 99 93 
1 4 1 89 92 5 60 
1 4 1 97 96 36 21 
0 3 0 97 98 38 48 
0 3 0 134 114 43 72 
1 3 0 in 118 70 64 
) 3 0 115 125 76 87 
0 3 ) 133 99 67 93 
1 3 1 100 85 14 43 
0 3 1 90 87 43 34 
0 3 1 103 89 12 2 
1 3 1 97 115 56 43 
0 3 1 122 114 76 89 
1 4 i) 119 119 87 55 
1 4 0 107 107 23 8 
1 4 i) 117 112 77 72 
1 4 ) 103 98 50 39 
0 4 0 103 98 47 21 
1 4 1 84 101 8 8 
ny) 4 1 108 97 13 24 
0 4 1 129 114 55 88 
1 4 1 116 114 55 29 
1 4 1 117 119 69 93 
1 4 fy 101 119 40 60 
1 4 ) 106 109 8 8 
0 4 0 125 123 69 60 
1 4 f) 135 127 99 97 
0 3 0 109 127 43 vy 
1 4 1 110 124 47 75 
1 4 1 123 125 51 60 
1 4 1 133 1k 69 75 
0 4 1 126 114 40 50 
1 4 1 99 96 5 21 
1 4 i) * 105 107 40 17 
1 4 i) 116 121 87 84 
1 4 0 109 110 2 60 
N 4 0 121 108 36 93 
0 4 i) 94 107 36 1 
0 4 1 129 125 77 55 
1 4 1 _ win 109 33 47 
i) 4 1 1 124 16 55 
1 4 1 101 112 55 39 
1 4 1 114 117 91 84 


PS 


23 
20 
il 
20 
24 
19 
19 
20 
15 
22 
23 
23 
26 
28 
21 
22 
25 
31 
15 
23 
13 
20 
25 
23 
23 
16 
14 
21 
16 
27 
30 
18 
28 
13 
17 
7 
17 
26 
22 
23 
28 
13 
25 
31 
18 
18 
30 
22 
31 
23 
18 
29 
21 
19 
15 
25 
17 
32 
28 
25 
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The codes for the age groups were: 
avomlow"age group’ .7% 0; 
De e022) “806 Cr oun. .mel, 

2. Grade. Two grade groups naturally arose from the 
selection of the sample; grade 3 and grade 4. These groups were 
coded by their corresponding grades: 

as grade three <<... , 
ben porade (fOuUte ss. 

3. Sex. In the selection of the sample, two equal groups of 
students were obtained for the parameter male and female. The codes 
for the sex groups were: 

a. female group ... 0, 
De) Male= group. i... Lt. 
All other variables were entered on the computer cards using 


the numerical values of the variables. 


The Hypotheses Related To Statistical Correlation Coefficients 


The Pearson product - moment correlation coefficient was used 
to obtain a 14 X 14 correlation matrix, Table 9, for the 14 
variables identified in Chapter 3. The statistical program, DEST 
02, which is a computerized statistical program maintained by the 
Division of Education Research at the University of Alberta was 
used to obtain all correlation coefficients. The computer printout 


also indicated the mean, variance, and standard deviation of the 


distribution of scores for each of the variables, (Table 10). The 
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TABLE 9 


CORRELATION MATRIX FOR THE FOURTEEN VARIABLES 


Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 1,000 0.594 0.599 0.712 0.434 0.363 0.464 0.133 0.388 0.326 0.298 0.173 0.474 0.491 
2 1.000 0.578 0.530 0.451 0.411 0.466 0.227 0.461 0.300 0.224 0.236 0.456 0.516 
3 1,000 0.653 0.478 0.354 0.487 0.265 0.393 0.240 0.535 0.030 0.507 0.513 
4 1.000 0.351 0.351 0.448 0.188 0.297 0.278 0.318 0.188 0.410 0.450 
5 1.000 0.648 0.556 0.424 0.664 0.569 0.596 0.310 0.547 0.837 
6 1.000 0.626 0.564 0.657 0.499 0.458 0.659 0.487 0.875 
7 1.000 0.579 0.707 0.426 0.581 0.479 0.533 0.866 
8 1.000 0.486 0.182 0.282 0.335 0.271 0.613 
9 1.000 0.216 0.349 0.389 0.474 0.788 
10 1.000 05234) 10. 2570 O-115'9 0-573 
11 1.000 0.153 0.413 0.635 
12 1.000 0.107 0.564 
13 1.000 0.608 
14 1.000 
TABLE 10 


MEAN, VARIANCE, AND STANDARD DEVIATION FOR THE FOURTEEN CORRELATION VARIABLES 


Variables Mean Variance Standard Deviation 
1. Verbal IQ 111.716 188.434 13.727 
2. Nonverbal IQ 109.966 138.564 11.771 
3. Math Concept “%ile 45.016 745.480 27.303 
4. Math Problem Solving Zile 51.333 780.285 27.934 
5. Concrete Mode 7.450 3.181 1.783 
6. Pictorial Mode 7.550 3.581 1.892 
7. Symbolic Mode 6.733 4.862 2.205 
8. Concept A 5.367 0.632 0.795 
9. Concept B 1.917 3.410 1.847 
10. Concept C 4.133 2.616 1.617 
11. Concept D 4.700 1.910 1.382 
12. Concept E 4.783 1.236 1.112 
13. Concept F 0.783 1.303 1.142 


14. Total Probability Test 21.733 25.596 5.059 
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critical value of the correlation coefficients needed to reject the 
null hypotheses at the .05 level of significance is r>0.250. 
1. Hypothesis Two. 
There is no significant relationship between the scores on the 
probability test and the scores on the: 
a. standardized verbal intelligence test. 
b. standardized nonverbal intelligence test. 
c. standardized mathematics concepts test. 
d. standardized mathematics problem solving test. 

After testing this hypothesis using the Pearson product-moment 
correlation coefficient test, the null hypothesis was rejected at the 
.05 level of significance. 

The correlation coefficients contained in Table 11 indicate that 
verbal IQ, nonverbal IQ, and the subjects' performances on mathematics 
concepts and on mathematics problem solving tasks can be used as 


predictors for the scores obtained on the probability test. 


TABLE 11 


CORRELATION COEFFICIENTS BETWEEN VERBAL IQ, NONVERBAL IQ, MATHEMATICS 


CONCEPTS, MATHEMATICS PROBLEM SOLVING, AND THE PROBABILITY TEST SCORES 


V.1Q N.1Q MC MP PS 
V.1Q 1.000 0.594 0.599 TOs? 0.491 
N.1Q 1.000 0.578 0.530 0.516 
MC : 1.000 0.650 0.513 
MP 1.000 0.450 
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The correlations between the variables verbal IQ, nonverbal IQ, 
mathematics concepts, and mathematics problem solving when considered 
in pairs, indicate two expected relationships. 

a. A correlation exists ( r = 0.712 ) between the subject's 
verbal IQ and his ability to solve mathematical problems. 

Since reading ability is closely related to the ability of a 
subject to transfer a written mathematical problem to a number sentence, 
this high correlation could be anticipated. 

b. A correlation exists ( r = 0.650 ) between the subjects’ 
performance on the mathematics concepts test and their performance on 
the mathematics problem solving test. 

This expected correlation could reflect the parallel development 
of mathematical concepts and mathematical problem solving as deter- 
mined in the curriculum. 

2. Hypothesis Three. 

Given subsets of scores of the probability test, there is no 
significant relationship between the scores obtained by subjects in: 

a. the concrete mode and the pictorial mode. 
b. the concrete mode and the symbolic mode. 
c. the pictorial mode and the symbolic mode. 

The correlation coefficients that resulted from testing the mode 
scores in pairs, and the correlation coefficients that resulted when 
the individual mode scores were compared to the probability test 
scores are indicated in Table 12. Clearly, the null hypothesis was 
rejected for each relationship at the .05 level of significance. 

Two general statements can be made. There is little difference 


in the range of the correlation coefficients when the modes are 
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TABLE 12 


CORRELATION COEFFICIENTS BETWEEN THE CONCRETE MODE (CM), THE PICTORIAL 


MODE (PM), THE SYMBOLIC MODE (SM) AND THE PROBABILITY TEST SCORES 


considered in pairs ( r = 0.556 to r = 0.648). There is also very 


little difference between the correlation coefficients of the individ- 
ual mode scores and the probability test scores. The highest cor- 
relation coefficient ( r = 0.875 ) is between the performances of 
subjects in the pictorial mode and their performances on the total 
probability test. 

3. Hypothesis Five. 

Given subsets of scores of the probability test, there is no 
significant relationship between the scores of concepts A through F 
when the subsets of concept scores are considered in pairs. 

The correlation coefficients that resulted from the analysis of 
the null hypothesis 5 are summarized in Table 13. 

The correlation coefficients identified by asterisks indicate 
all the null hypotheses that were not rejected at the .05 level of 
significance. All other null hypotheses were rejected. 

The concepts were ranked according to the total number of 


correct responses given by the subjects (Table 14). Since six 
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TABLE 13 


CORRELATION COEFFICIENTS BETWEEN PAIRS OF CONCEPTS AND BETWEEN 


INDIVIDUAL CONCEPTS AND THE PROBABILITY TEST 


A B c D E F PS 
A 1.000 0.486 0.182% 0.282 0.335 0.271 0.613 
B 1.000 0.216% 0.349 0.389 0.474 0.788 
Cc 1.000 0.234% 0.257 0.115% 0.573 
D 1.000 0.153% 0.413 0.635 
E 1.000 0.107% 0.564 
F 1.000 0.608 
PS 1.000 

TABLE 14 


INDIVIDUAL CONCEPTS RANKED BY PERFORMANCE 


Concepts Sum Of Scores ; Percentage Correct 


questions were asked for each concept per subject, each concept had 
a possible sum of scores of 360. 
The concepts: (A) sample space - single outcome event, (E) 


impossible vs. certain event, (D) more likely vs. less likely event, 
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and (C) equally likely event, were performed at a level above 70%. 
This would indicate that students in grade 3 and above have an 
intuitive understanding of these concepts of probability. The 
performance of the subjects for the two concepts: (B) sample space- 
ordered pair outcome event and (F) probability of a simple event 
indicates that students who are at the end of grade 4 have not 
acquired an intuitive understanding of ordered pairs or ratios. It 
can be assumed that this is largely the result of these concepts, 
ordered pairs and ratios, being introduced into the mathematics 
curriculum at a higher grade level. Although the performance level 
for concept D was very low, 31.1%, its correlation coefficient to 
the scores of the probability test was extremely high ( r = 0.788 ). 
This would seem to indicate that if the students were able to 
correctly identify the ordered pair outcomes for a probability 
concept, they were also able to perform well on the overall prob- 


ability test. 


The Hypotheses Related To Analysis of Variance 


A one-way analysis of variance test, ANOV 15, was used to analyze 
the data for hypotheses one and four. ANOV 15 is a computerized sta- 
tistical program maintained by the Division of Educational Research at 
the University of Alberta. This program is also designed to provide 
values of: the Chi Square test for homogeneity of variance, the 
Scheffe multiple comparison of means, and the Newman-Keuls comparison 
between ordered means. The results of the Scheffe multiple comparison 


of means and the Newman-Keuls comparison between ordered means were 
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not used for analysis of the data. 


1. Hypothesis One. 
Given subsets of scores of the probability test, there is no 
significant difference between the means for: 
a. the high age group and the low age group. 
b. the grade three students and the grade four students. 
c. the boys and the girls. 


The values of P in the analysis shown in Table 15 indicate that 


TABLE- 15 


ANALYSIS OF VARIANCE ON THE CRITERIA OF AGE, GRADE, AND SEX 


Variables ss MS DF F P 


Age: Between groups 2.62 2.62 1 0.10 0.754 


Within groups 1533.11 26.43 58 


Grade: Between groups 85.61 85.61 1 3.42 0.069 


Within groups 1450.13 25.00 58 


Sex: Between groups 2.40 2.40 1 0.09 0.764 


Within groups 1533.34 26.44 58 


the null hypotheses as stated for age, grade, and sex are not rejected 


at the .05 level. 

For the purposes of the analysis, certain subsets of the sample 
were determined. The distribution of subjects by age is illustrated 
in Figure 3. Two relatively equal distributions were achieved when 
ages were separated at 9 years 7.5 months. Figure 4 shows the 


comparative sample distributions for age, grade, and sex. 
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FIGURE 3 


FREQUENCY POLYGON FOR SUBJECTS' AGES 
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FIGURE 4 


FREQUENCY BARGRAPH FOR SUBJECTS AS GROUPED FOR AGE, GRADE, AND SEX 
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The probability factor ( P = 0.069 ) that resulted as to the 
effect of grade approaches significance at the .05 level. It is 
possible to assume that this may be the result of the subjects' 
years of formal education. Since grade 4 students have one more 
year in which to experience the formal presentation of mathematics 
concepts than do the grade 3 students, this effect of grade could be 
anticipated. 

It is noted that the probability that the differences in grade 
means would occur from random selection is relatively low ( P = 0.069 ), 
while the probability that the differences in age means is very high 
( P = 0.754 ). This appears to be a contradiction. There are two 
factors, however, which need to be considered. 

1. Since the correlation coefficient for age is relatively 
high, one probable cause is that formal probabiliy concepts are not 
present in the environmental experiences of a child outside of a 
formal school experience. 

2. The second probable cause is that the sub-sample deter- 
mined by the variables of age and grade were not similar sub-samples. 
The frequency distribution for age and grade indicates that age was 
not a completely reliable indicator of grade. Table 16 shows the 
cross sampling of age and grade. 

The mean score, variance, and standard deviation for each of 
the six sub-samples determined in this hypothesis and the total 


probability test are given in Table 17. 
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TABLE 16 


BIVARIATE FREQUENCY DISTRIBUTION FOR AGE AND GRADE 


25 


Grade 


29 y 31 60 


TABLE 17 


THE MEAN, VARIANCE, AND STANDARD DEVIATION FOR AGE, GRADE, AND SEX 


Mean Variance Standard 

Score Deviation 
Low age group { 21.517 26.759 5.173 
High age group 21.936 26.130 5.412 
Grade 3 20.320 18.310 4.279 


Grade 4 22.743 29.727 5.452 
Female 21.533 29.223 5.406 
Male 21.933 23.651 4.863 


Total 21.733 25.596 5.059 


2. Hypothesis One Prime. 
Given subsets of scores of the four concepts: sample space- 
single outcome event, impossible vs. certain event, more likely vs. 
less likely event, and equally likely event (concepts A, C, D, E,) 


there is no significant difference between the means for the grade 
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three students and the grade four students. The probability factors 
as determined by the analysis are summarized in Table 18. As indica- 


ted in the table, the null hypothesis is not rejected at the .05 level. 


TABLE 18 


ANALYSIS OF VARIANCE ON THE CRITERIA OF GRADE FOR 


CONCEPTS A. CouD, & E 


ss MS DF F P 


Between groups 0.791 0.79 1 1.19 0.280 


Within groups 0.386 0.67 58 


This hypothesis was formulated because the effect of grade, as 
determined in hypothesis one, approached significance. In consider- 
ing this factor, it seemed plausible to determine the effect of grade 
on the performance of students for the four concepts; A, C, D, E, 
which were performed at an accuracy level above 70% (Table 14). 

The data recorded in Table 18 strengthens the previous discussion 
which suggested that the student's intuitive understanding of some 
probability concepts does not relate to the number of years of formal 
education each student experiences. It further suggests that when 
the concepts (B, F), which were poorly performed, were included in 
hypothesis one, the effect of grade became more apparent. It appears 
that when the subjects were faced with the more difficult probability 
questions, the.grade four subjects had better performance. 

3. Hypothesis Four. 


Given subsets of scores of the probability test, there is no 
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significant difference between the overall mode sequence mean and the 
mean in each of the mode sequences: 
a. Concrete mode - pictorial mode - symbolic mode. 
b. Concrete mode - symbolic mode - pictorial mode. 
c. Pictorial mode - concrete mode - symbolic mode. 
d. Pictorial mode - symbolic mode - concrete mode. 
e. Symbolic mode - concrete mode —- pictorial mode. 
f. Symbolic mode - pictorial mode - concrete mode. 
The above null hypothesis, as supported by data in Table 19 was 


not rejected. 


TABLE 19 


ANALYSIS OF VARIANCE ON THE CRITERIA OF SEQUENCE OF MODES 


ss MS DF F P 


Between groups 7.840 1.57 5 0.24 0.945 


Within groups 1139.406 6.55 174 


The high probability obtained in the analysis of the data for 


hypothesis four may be the result of the limits devised to control 


the teaching effect in administering the probability test (Chapter 3). 


The mean score, variance, and standard deviation for each of the 
six mode sequences and the overall mode sequence are given in Table 
208 The means range from a minimum of 7.033 to a maximum of 7.667. 

For the variables of age, grade, sex, or mode sequence, 


probabilities (Table 21) that have been obtained by the Chi Square 
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Homogeneity of Variance Test give no evidence that the assumption of 


homogeneity of variance is violated. 


TABLE 20 


THE MEAN, VARIANCE, AND STANDARD DEVIATION FOR THE SEQUENCES OF MODES 


Mean Variance Standard 

Score Deviation 
I-11 -TIil 7.033 5.670 2.371 
; ne © © Gas ot 7.133 6.051 2.460 
Lie V te TET 7.133 3.706 2.389 
Il - 111 -1 } 7.667 6.989 2.644 
EPE = 1 5-Ft 7.333 5.402 2.324 
III - 1I -1I 7.167 9.523 3.086 
Total 7.244 6.374 2.525 

TABLE 2. 1 


CHI SQUARE HOMOGENEITY OF VARIANCE TEST FOR AGE, 


GRADE, SEX, AND SEQUENCE 


Chi Square Probability 


Sequence 
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Chapter 5 


SUMMARY, CONCLUSIONS, IMPLICATIONS, AND SUGGESTIONS 


FOR FURTHER RESEARCH 


SUMMARY 


The purpose of this research was to identify some basic concepts 
in probability mathematics and to determine if students of grades 
three and four had any intuitive understanding of these concepts. It 
was anticipated that the concepts identified could be sequenced as to 
their individual suitability for inclusion into the mathematics 
curriculum for the middle elementary grades. 

Twenty-five grade three students and 35 grade four students were 
selected so as to ensure 30 male and 30 female subjects. Group tests 
were administered to the sample to obtain subjects" verbal and non- 
verbal intelligience quotients and their mathematics concepts and 
mathematics problem solving percentiles. The probability test was 
then administered to each subject in two interviews with the researcher. 
Each interview was audiotaped and student responses were scored from 
the tapes at a later time. Six concepts were identified and tested. 
Two questions per concept were developed for each of the concrete, 
pictorial and symbolic modes. In total, the probability test 
consisted of 36 questions. 

The six concepts identified were: A. sample space-single 


outcome event, B. sample space-ordered pair event, C. equally likely 
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event, D. more likely vs. less likely event, E. impossible vs. 
certain event and F. probability of a simple event. Concepts A, C, 
D, and E were performed above 70% while concepts B and F were 
performed at 31% and 14% respectively. 

On the basis of all data obtained, the effect of age, grade, sex, 
and sequence of modes on subjects' performance of probability concepts 
was to be determined. The predictor effect of individual subject's 
IQ, mathematical abilities and their performance on subtests of the 
total probability test was also to be identified in relation to their 


performance on the overall probability test. 


CONCLUSIONS 


Conclusions With Respect to the Hypotheses 


Hypothesis one: According to the results of analyzing the 
data related to hypothesis one, there is no significant effect of age, 
grade, and sex on subjects' performance on the probability test. The 
initial analysis seemed to indicate that the effect of grade (P = 0.069) 
may need to be tested further. Therefore an additional analysis was 
made on the effect of grade and the subjects’ performance of the four 
concepts that were well serepeed The result of this analysis 
confirmed that the effect of grade (P = 0.289) was not significant. 

It can be concluded that age, grade, and sex had no effect on the 
subjects' performance on the probability test. 

Hypothesis two: The evidence that resulted from the analysis 


of the data related to this hypothesis indicates that the subjects' 
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individual verbal IQ, nonverbal IQ, ability to understand mathematics 
concepts, and ability to solve mathematical problems may serve as 
predictors for performance on concepts of probability. The correla- 
tion coefficients that resulted when the relationship between each of 
the four variables was tested with the scores of the probability test 
had a mean of 0.493 with a standard deviation of only 0.030. 

Hypothesis three: Contrary to the conclusions in much of the 
literature, the effect of mode embodiment was not found to be signifi- 
cant in this study. It is recognized however, that two questions for 
each concept per mode may be a limitation of the study. This limit- 
ation may have contributed to this unexpected conclusion. It can be 
concluded that no one mode embodiment was advantageous to the subjects. 

HypOENeSUSeLOUurs) ne sequence, of the modes,, as indicated in this 
hypothesis, was introduced as a control on the teaching effect that 
could result in testing a number of questions for a particular concept. 
It was found that the individual mean scores for the six mode sequences 
did not differ significantly from the overall mode sequence mean. 

This suggests that there was no measurable teaching effect as a result 
of the mode sequence used in the questioning procedure of the testing 
instrument. It can be concluded that the mode sequence used in 
testing any specific concept was not advantageous to the subjects 
tested. 

Hypothesis five: On the basis of the results from this hypothesis, 
the following conclusions were determined. 

There was found to be no significant relationship at the .05 level 
of significance between the subjects' scores for the following pairs 


of concepts (See Table 13). 
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a. Sample space-single outcome event and equally likely event. 

b. Sample space-ordered pair outcome event and equally likely 
event. 

c. More likely vs. less likely event and equally likely event. 


d. Probability of a simple event and equally likely event. 


e. More likely vs. less likely event and impossible vs. certain 


event. 
f. Impossible vs. certain event and probability of a simple 
event. 
There was a significant relationship determined for each of the nine 
other pairs of concepts tested. 

The performance of the subjects for four of the six concepts, 
when scored as individual concepts, was 70% or greater. These four 
concepts were: sample space-single outcome event, equally likely 
event, more likely vs. less likely event, and impossible vs. certain 
event. It can be concluded that students, by the time they near 
completion of grade three, have an intuitive understanding of these 
four concepts of probability. The performance of the subjects for the 
other two concepts, when scored as individual concepts was 31% and 14% 
respectively. These two concepts were sample space-ordered pair out- 
come event and probability of a simple event. It can be further 
concluded that an intuitive understanding of these two concepts is 
not present in students, even when they near completion of their 


fourth year of formal education. 
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IMPLICATIONS 


Several implications can be drawn from this study for mathematics 
education. The first relates to the major purpose of the study. 
Students can understand and in fact have an intuitive understanding 
of at least four basic concepts of probability by the time they 
complete grade three. Teachers should plan activities for the 
development of these concepts during the middle elementary grades. 
The vocabulary needed is not difficult and in most cases it is being 
used by the students already. 

Students often are led to believe there is only one correct 
answer for any given question. Certainly this cannot be true in the 
real world. With the inclusion of probability in the elementary 
mathematics curriculum, students could be taught the importance of 
alternative solutions. 

The results of hypothesis three imply that any one mode is as 
successful as another when it comes to presenting probability 
problems. However, since students react best to a variety of 
materials and settings, it can be implied that concrete, pictorial, 
and symbolic materials can be used with equal efficiency or be used 
at the same time to provide instructional variety. 

Since no significant relationship was found between the subjects' 
scores of all other concepts when tested in pairs, it can be implied 
that students develop the concept of "equal" earlier in life than 
they do the other probability concepts. Since "equal" can mean "of 


the same quantity, size, value'' (Webster), students have probably 
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been exposed to this concept, even in their preschool years. All of 
the questions asked for this concept in the probability test instru- 
ment, centered on the rational fraction concept, one-half. Kieren 
and Nelson (1977) and Noelting (1978), found that the rational 
concept of one-half is formulated by children during the first stage 
in the development of rational number thinking. It is then possible 
to infer that the concept of equally likely could be introduced, in 
a formal situation, to students in grades one or two. Squire (1978) 
determined that students in grade one do intuitively understand the 
probability concept of equally likely. 

The introduction of probability to the elementary curriculum 
could provide an affective motivation for the students. Although no 
specific data were recorded on the affective behavior of the subjects 
as they were being interviewed, some impressions remained with the 
researcher. The subjects were enthused about the idea of taking the 
probability test. Their enthusiasm may have been the result of 
being able to handle new materials, and of being audiorecorded, how- 
ever such techniques are available and relatively common in most 
classrooms. Several students were asked if they would be willing to 
vray and take the test during a recess or noon hour period. Each 
seemed fascinated by being able to "stay in" and take the test. 

This apparent enthusiasm expressed by the subjects toward 
probability could be utilized by instructors of elementary math- 
ematics. The inclusion of probability in the elementary mathematics 
curriculum beginning at the middle elementary grades could provide 


the desired affective change in attitude about mathematics needed by 
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many elementary students. It would seem that this factor alone would 


serve as sufficient reason to teach probability. 


SUGGESTIONS FOR FURTHER RESEARCH 


The main purpose of this study was to survey the level of 
intuitive understanding of probability concepts of students in the 
middle elementary grades. No attempt was made to test the feasibility 
of teaching probability concepts to grades three and four students or 
to students of any other elementary grade. The main recommendation 
for further research is that the study be replicated with improvements. 
The study could be improved by the use of a larger sample, selected 
from a variety of schools. 

A related recommendation with respect to curriculum development 
could emerge from such replication. An instructional unit or units 
could be developed using the concepts sample space-single outcome, 
equally likely, more likely vs. less likely, and impossible vs. 
certain. Squire (1978) also supports this recommendation. He 
suggested that Shepler's (1969) proposed sequence for developing 
research-based curriculum materials using behavioral objectives and 
task analysis could be used by those who would design such units. 

The development of rational number (fraction) concepts has long 
been connected to a predetermined number of parts of a whole. This 
whole is most often a pie, geometric figure, or a unit length of a 
piece of paper. Researchers could use a variety of fractional 
proportions possible in the probability concepts and develop these 


into units for teaching of probability but aiso for the teaching of 
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fraction concepts. A most interesting study would result through the 
development of such a unit which could be used in an experimental- 
control type of study. 

When studies of this nature are completed with implications that 
additional material and concepts should be included in a specified 
curriculum, the question of available class time becomes a critical 
issue. With hand held calculators becoming readily available, and 
their use recommended in elementary mathematics classrooms (NCTM, 1978; 
NEA, 1977), a study could be designed to determine if the use of 
calculators would free sufficient time within the present curriculum 


framework to include the instruction of probability concepts. 
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Concept: Sample space-single outcome. 

Mode: Symbolic. 

Materials: Nil. 

Protocol: There are four yellow tennis balls and two white 
tennis balls in a bag. If you were to reach into the bag and 


pull out one tennis ball, what possible colors could it be? 


Concept: Sample space-single outcome. 

Mode: Symbolic. 

Materials: Nil. 

Protocol: There are five yellow beads, three black beads and 
two green beads in a jar. You can use the beads to make a 
necklace for your sister's doll. You can use as many beads as 
you like and as many colors as you like. What are some ways you 


can make the necklace? 


Concept: Sample space-single outcome. 

Mode: Pictorial. 

Materials: An 8" X 10" color picture of three red marbles and 
two black marbles. 

See Appendix D. 

Protocol: Here is a picture of several different colored 
marbles. If you were asked to make different groupings of these 


marbles, what are some possible groupings you could make? 


Concept: Sample space-single outcome. 


Mode: Pictorial. 


t wi 
an 
n 
ny m ‘ 
ay fi if i : 
in ; : 
@ ( y 
- i] 
! 
a< 
q 
; : 
ae 
Ti 
i : , : He 
ie | } ry s 7 
/ : ie ‘ied 
| : 
sh S¥au  Hpt whn ll absienn 
w I > 
: wake if 
r= - 
‘ | by is ‘ se ’ a i 
a ° 
a - ra 
5), RR CRE eee 
i ; \ re 
co Th , 
+ See 7 
se } : ar") {nies ‘ ! T ‘ I ty SiN, 
zt 8 > + 
‘ i at” 
; i me ; - i . my i] on . 
ae (Cea: Sas J ie ; t } 7 . f } = a! Sadat yy” - ‘ LL a 
, ioe j “ —— ti ay ath if 
(Ae N ie 
: ; ; : a : ‘ih AN 
) ¢ ta : a )) 4OY Pe Se — q ae oa ve fore ‘ae it ust es 
& 1 i mY ied =a 
Oat oor pit fell ne ? 
4 1 - 
vy ¥ * 4 
ch i " 4 7 
; 7 ip or Ue) j 
‘ / 
nda Soe, ee Lana? +AGa 
Y 5 
. ~ 
‘ tr 7 are 
| 4 tehioe tp 
S f - i j U 
: é ‘ 
j ( ry ov ny a a A ean >tEx 
7 FP TH » 
ral ; i ? en ; 
i , 
* %y A : 
wm ‘ ighainy " is ay 1 ; 
> ina ; 
7 “ t - ; i] 
Ce Sec | 998 vk 
PP 1h oa a ee Lewes sal A tony a a“ oaod |) (aontodw 
= . ’ : 
’ | ie - ae j 
some Tovagek yey sere ab: state on a Sireipe w6% u“ paths 
J Y f - 
i oy : ; 


\ See biner- ane sapbaat OF: a re ‘ede. jue ealdrmee 
es ay nee 7) 


oe 


Or 


his 


91 


Materials: An 8 X 10" color picture of a plastic spinner that 
has two-fourths green and two-fourths orange. 

See Appendix D. 

Protocols Here is @ picture of a spinner. If you were to spin 


the spinner, what possible colors could it stop at? 


Concept: Sample space-single outcome. 

Mode: Concrete. 

Materials: One large plastic spinner which is one-half orange 
and one-half green. 

Provoco please: Looktauetnisespinner.ya\ou can try it)-if you 


like. If you spun the arrow, what possible colors could it stop 


at? 


Concept: Sample space-single outcome. 


Mode:: “Concrete. 

Materials: A painted block with two sides blue, two sides yellow, 
and two sides orange. 

Protocols: Here is a small painted wooden block. Please look 

at how it is painted. If you were to roll the block, what 


possible colors could stop on top? 


Concept: Sample space-ordered pair outcome. 


Mode: Symbolic. 
Materials: Nil. 
Protocol: Suppose there is in a container on that table, two 


yellow tennis balls and one white tennis ball. Beside it is a 
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spinner that is one-half orange and one-half green. If you were 
to tirst, choose a ball record the color of the ball, then spin 
the spinner and record the color the arrow stopped at, what 
possible combinations of colors could you expect? (The number 


and color of objects can be repeated) 


8. Concept: Sample space-ordered pair outcome. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: Pretend you have two yellow beads and two blue beads 
in your left pocket, and in your right pocket you have two black 
beads and one white bead. If you first took a bead from your 
left pocket and then one from your right pocket, what possible 
color combinations of beads could you get? (The number and 


color of beads in each pocket can be repeated) 


9. Concept: Sample space-ordered pair outcome. 
Mode: Pictorial. 
Materials: An 8° X=] 10" (color, picture of four beads, three red 
and one white and beside them a blue block. 
See Appendix D. 
Protocol: Here is a picture of four marbles and a painted block. 
If you were to first select a marble to get one color and then 
roll the block to get the second color, what possible color 


combinations could you expect to get? 


10. Concept: Sample space-ordered pair outcome. 
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Modes raictorial’, 
Materials: An 8" X 10" color picture of a spinner, one-third 


red and two-thirds yellow, and five tennis balls, three white 


and two yellow. 

See Appendix D. 

Protocol: If you were to use this material, what possible 
color combinations could you get by first spinning the spinner 


and then choosing a tennis ball? 


11. Concept: Sample space-ordered pair outcome. 
Mode: Concrete. 
Materials: Two spinners: the first one is two-quarters green 
and two-quarters orange, the second one is one-third red and 
two-thirds yellow. 
Protocol: Here are two spinners. You are to spin this one 
first (point to the green and orange spinner) to get one color, 
then spin this one second (point to the red and yellow spinner) 
to get the other color. What possible color combinations could 


you get by spinning both spinners? 


12. Concept: Sample space-ordered pair outcome. 
Mode: Concrete. 
Materials: A painted wooden block with two sides green, two 
sides red, and two sides white. Three green beads and two 
yellow beads. 
Protocol: You are again to think of the possible combinations 


of colors you can obtain by first rolling this block and then 
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selecting a bead. What could the possible combinations be? 


I3. Concept: “Equally Tikely, 
Mode: Symbolic. 
Materials: Nil. 
Protocol: Pretend you have ten marbles in a bag. There are only 
two colors of marbles in the bag. You are to reach into the bag 
and bring out one marble. If you had an equal chance of getting 
either color of marble, how many marbles of each color would 


there be in the bag? 


14. Concept: Equally likely. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: (Before asking this question, ensure the subject 
knows that a block has six sides) You are given a block to paint. 
If you wanted each color to have an equal chance of stopping on 
top, when the pleck is rolled, how many sides would you paint 


each color? 


L5ey. beoncepts “Equally likery. 
Modes) ey iceorial. 
Materials: An 8" X 10" color picture of six beads, three xreen 
and three brown. 
See Appendix D. 
Protocol: You are to put these beads into a bag and mix them by 


shaking the bag. You now reach into the bag, get a bead and 
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record the color. This procedure is repeated many times. What 
color would be recorded more or would they be recorded about the 


same number of times? 


16. Concept: Equally likely. 
Modes Pictorial. 
Materials: An 8" X 10" color picture of five marbles, three 
red and two black. 
See Appendix D. 
Protocol: You are to select some of these marbles to put into 
a bag. You must select them so that if someone would reach into 
the bag to get a marble, they would have an equal chance of 


getting either color. How would you select the marbles? 


bye Concept: sEqually likely. 
Mode: Concrete. 
Materials: A large plastic spinner, two-fourths green and 
two-fourths orange. 
Protocol: If you spun this spinner many times, how do you 
think the number of times the arrow stopped on green compared 
with the number of times it stopped on orange? Would one be 


more than the other or would they be the same? 


18. Concept: Equally likely. 
Mode: Concrete. 
Materials: Four yellow and three white tennis balls in a large 


plastic container. Another empty plastic container. 
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Protocol: You are to select some tennis balls to put into the 
empty container. You must select them so that if someone were 
to reach into the container to get a tennis ball, he/she would 
have an equal chance of getting a yellow ball or a white ball. 


How would you select the tennis balls? 


19. Concept: More likely vs. less likely. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: (Before asking this question ensure the subject knows 
that a block has six sides) You are given a block to paint. 
You have only two colors of paint. If you wanted one color to 
have a more likely chance of stopping on top when the block is 


rolled, how would you paint the block? 


20. .Concept?”- More likely vs." Yess’ Pikely. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: Suppose you have eight marbles in a bag. The marbles 
are of two colors. When you pick a marble from the bag you know 
one color is less likely to be picked. How many marbles are 


there of the less likely color? 


21. Concept: More likely vs. less likely. 
Modes “¢Pictorial. 
Materials: An 8" X 10" color picture of five brown beads and 


two yellow beads. 
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See Appendix D. 

Protocol: These beads are put into a bag and they are mixed by 
shaking the bag. A bead is picked from the bag and its color 
recorded. If this was repeated many times, how would the number 
of times a brown bead is picked compare with the number of times 


a yellow bead is picked? Would it be more, less, or the same? 


22. Concept: More likely vs. less likely. 
Modes) Pictorial; 
Materials: An 8" X 10" color picture of a spinner with one-third 
red and two-thirds yellow. 
See Appendix D. 
Protocol: If this spinner was spun many times, what color would 


the arrow more likely stop on? 


23. Concept: More likely vs. less likely. 
Mode: Concrete. 
Materials: A plastic spinner, one-fourth yellow and three- 
fourths red. 
Protocol: If you spun the spinner many times, how would the 
number of times the arrow stopped on yellow compare with the 


number of stops on red? 


24. Concept: More likely vs. less likely. 
Mode: Concrete. 
Materials: Four yellow and four white tennis balls in a large 


plastic container and another large empty plastic container. 
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Protocol: You are to select some tennis balls to put into the 
empty container so that if someone came and took a ball out of 
the container one color would have a more likely chance of being 


drawn. How would you select the tennis balls? 


25. Concept: Impossible vs. certain. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: You have a bag with six yellow balls in it. If you 
reached in and took a tennis ball out, what color would you 
expect it to be? What color would the last ball be? Could you 


expect to get a white ball? 


20... Concepts. Impossible vs. ‘certain’. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: Suppose there are many beads on the table. There are 
different colored beads with many beads of each color. You are 
to select four beads to put into a bag, so that when you reach 
in and take a bead, you are always certain of what color bead 


you will take from the bag. How could you select the beads? 


27. Concepts! Impossible. vs. certain. 
Mode: Pictorial. 
Materials: An 8" X 10" color picture of six yellow and six 
white tennis balls. 


See Appendix D. 
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Protocol: You are to choose some of the tennis balls to play 
with. So that you are certain to always play with the same color 


ball, how would you select a set of four balls to place in the 


bag? 


28. Concept: Impossible vs. certain. 


Mode: Pictorial. 


Materials: An 8" X 10" color picture of seven yellow marbles. 


See Appendix D. 
Protocol: Pretend that these are your marbles. If you lost a 


marble, could you lose a green one? Could you lose a yellow one? 


20.7 concepts, ~impossible vs. certain. 
Mode: Concrete. 
Materials: Three painted blocks; one has six sides painted 
orange, one has three sides white and three sides green, and one 
has one side each of six different colors. 
Protocol: You are to choose one of the three blocks to play with 
so that you are always certain what color will stop on top. 


Which block would you choose? 


30. Concept: Impossible vs. certain. 
Mode: Concrete. 
Materials: One large plastic container with four yellow tennis 
balls in it and another large plastic container with two yellow 


and two white tennis balls. 
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Protocol: Which container of tennis balls would you choose if 
you wanted to be certain of what color of tennis ball you would 


play with? 


31. Concept: Probability of a simple event. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: If you had seven marbles in a bag, five were yellow 
and two were blue, what would be the chance of losing a yellow 


marble? 


32. Concept: Probability of a simple event. 
Mode: Symbolic. 
Materials: Nil. 
Protocol: If you had ten beads in a bag, five are red and five 
are green, what chance would you have of reaching in and 


picking a green bead? 


534 Concept: Probability of ai simple event. 
Modes, Pictorial. 
Materials: An 8" X 10" color picture of a spinner, one-fourth 
yellow and three-fourths red. 
See Appendix D. 
Protecol: When the arrow is spun, what is the chance it will 


stop on yellow? 


34. Concept: Probability of a simple event. 
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Mode: Pictorial. 

Materials: An 8" X 10" color picture of a painted block, each 
side painted a different color. The sides showing are orange, 
yellow, and blue. 

See Appendix D. 

Protocol: If you were to roll this block, what is the chance of 


yellow stopping on top? 


35. Concept: Probability of a simple event. 
Mode: Concrete. 
Materials: A spinner, one-third red and two-thirds yellow. 
Protocol: If you were to spin the spinner, what is the chance 


of it stopping on yellow? 


36. Concept: Probability of a simple event. 
Mode: Concrete. 
Materials: A selection of large marbles. Ensure there are four 
or five marbles of several colors. A small plastic tray (top of 
container). 
Protocol: a. Choose some marbles and put them into the tray so 
that they will illustrate a one out of two chance. 
b. Choose some marbles and put them into the tray so 
that they will illustrate a one out of four chance. 
c. Choose some marbles and put them into the tray so 
that they will illustrate a one out of three 


chance. 
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CRITERIA FOR SCORING STUDENT RESPONSES 
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The following criteria are arranged in question sequence as 


outlined in Appendix A. Each criterion indicates all possible 


solutions and a statement summarizing what the student needed to 


state to obtain a positive score. 


i. 


Las 


LG? 


i 


Yellow, white: both answers. 

Combinations of the colors yellow, black, and green: two 
combinations. 

Combinations as two black - three red, two black - one red - 
one red, two red - one black, and one red - one black, etc.: 
two combinations. 

Orange, green: both answers. 

Green, orange (orange is often mistaken for yellow or red): 
both answers. 

Blue, orange, yellow: any two answers. 

Yellow and black, yellow and white, blue and black, blue and 
white: three answers - order must be maintained. 

Yellow and orange, yellow and green, white and orange, white 
and green: three answers - order must be maintained. 

Red and blue, white and blue (subjects were not told that the 
black was blue and some indicated it to be black and/or white 
- their answers could be; red and black, white and black, red 
and white, white and white): two answers - order must be 
maintained. 

Yellow and white, yellow and yellow, red and white, red and 
yellow: three answers - order must be maintained. 

Orange and red, orange and yellow, green and red, green and 


yellow: three answers - order must be maintained. 
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Green and red, green and yellow, orange and red, orange and 
yellow: three answers - order must be maintained. 

Five marbles of each color, the same number of each color: 
one answer. 

Three sides of each color, or equivalent wording: one 
answer. 

About the same, equal: one answer. 

One black and one red, two blacks and two reds, the same 
number of each color: one answer. 

The same, equal, or equivalent wording: one answer. 

One white and one yellow, two white and two yellow, three 
white and three yellow, the same number of each color: one 
answer. 

Four sides one color and two sides Rrre CIO five sides 
one color and one side one color: one answer. 

Three, two, one: two answers. 

More brown beads, or equivalent wording: one answer. 
Orange (often mistaken for yellow): one answer. 

More red than orange, red, three times as many red: one 
answer. 

Two white and one yellow, three white and one yellow, three 
white and two yellow, four white and one yellow, four white 
and two yellow, four white and three yellow: one answer. 
Yellow, yellow, no: all answers in order. 

All one color, all the same color, or equivalent wording: 


one answer. 
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Four tennis balls of the same color, or equivalent wording: 

one answer. 

No, yes, all one color: first two answers in order. 

The all orange block, or equivalent wording: one answer. 

They are all yellow balls, they are the same color, or 

equivalent wording: one answer. 

Five out of seven, or equivalent ratio: one answer. 

Equal chance, same chance, five out of ten, one out of two, 

or equivalent ratio: one answer. 

One out of four, or equivalent ratio: one answer. 

One out of three, one out of six, or equivalent ratio: one 

answer. 

Two out of three, twice as often, or equivalent ratio: one 

answer. 

a. Select two marbles - one marble of one color and the 
other marble of another color, 

b. Select three marbles - one marble of one color and two 
marbles of another color, 

c. Select four marbles - one marble of one color and three 


marbles of another color: two answers. 
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Subject - 33; Sequence - 132. 


Part | of *Imterview 


Question 


Bye 


Question 


Bye 


I 

Pretend you have a bag with four white tennis balls and two 
yellow tennis balls in it. You are to reach into the bag 
and pull out a ball. After you look at the color, you put 
the ball back into the bag so that there is always four 
white balls and two yellow balls in the bag. What color of 
tennis ball could you pull from the bag? 


Yellow or white. 


2% 

Pretend you have 10 small beads. There are five yellow beads, 
three black beads, and two green beads. That's five yellow 
beads, three black ones, and two green ones. You want to 
make a necklace for your doll with these beads. You can 
use only one bead or all ten beads. What are some ways in 
which you can make the necklace? 

You could put two greens, two yellows, and two blacks. You 
could put a yellow one in the middle, then two blacks next, 
and then two greens on the outside. Then you could put two 
yellow ones on the outside, one green one next, and a black 
one in the middle. 

Are there many ways to make the necklace? 


Yes. 
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Question 17. 


Es 


Question 


E: 


Here is a container with some tennis balls in it. There are 
four yellow ones and three white ones in it. Here is an 
empty container. You are to put some balls from the first 
container into it. Choose them in such a way that after 
they have been put into the second container, a person has 
an equal chance of reaching in and getting a yellow ball or 
a white ball from the second container. 

Pause (while S selects the balls). 

Tell what you did? 

I put in two yellow ones and two white ones. 

Does that give an equal chance? 

Yes: 

How else could you do it or is there another way? 

Pause (while S reselects tennis balls) 

Now tell what you did? 

I put three yellow ones on the bottom and one white one and 
one yellow one on the top. 

Does that give an equal chance? 

Yes, because you would choose between the one yellow one and 


one white one on top. 


1s; 

Here is a plastic spinner. You can spin it to see how it 
works. If you spun the spinner a large number of times, how 
do you think the number of stops on green would compare with 


the number of stops on orange? Would they be the same or 
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would one be more than the other? 

One would be more than the other. 

Why? 

Because it's pretty hard to make them stop the same. 

After a large number of spins do you still think it would be 
that way? 


Yes. 


de 

Here is-a picture of six yellow and six white tennis balls. 
In order to be sure you will always draw a certain color 
from a bag, how would you select a set of four balls to put 
inside the bag? 

Put in two yellow ones and two white ones. 

Would you always know what color you would draw? 

No. 

How would you do it then? 

You would put four yellow ones or four white ones into the 
bag. 

This way would you always know what color you would get? 


Yes. 


28. 

Here is a picture of a set of marbles you can use to play a 
game of marbles. There are seven yellow marbles and they are 
all the marbles you have to play with. What chance would you 


have of loosing a green marble? 
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You couldn't because they are all yellow. 


What would be your chance of loosing a yellow one? 


Good. 


Ge 

Let's pretend we have a bag with ten marbles in it. There 
are only two colors of marbles in the bag. If when you would 
reach into the bag to get a marble you had an equal chance to 
get either color, how many marbles of each color would there 
be? There are ten marbles and you have an equal chance. 

Five of each. 

How do you know that? 

To have an equal chance, you have to have the same number of 


each. 


14. 

How many sides do you think a block has? 

POUT. 

What if we count the top and bottom as sides? How many then? 
Dax 

You are to paint a block. You have only two colors to paint 
the block. You want to paint it in a way that when you use 
it you know that either color could stop on top about the 
same number of times. How would you paint the block? 

You would paint one side one color and the other side the 
other color. Then paint another side one color and so on. 


How many sides would you paint each color? 
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Three. 
Why would you paint three sides each color? 
Because if you wanted the same chance, you would paint 


three sides each color. 


Zo 

Here are three blocks. Each one is painted different. See 

how they are painted. 

Pause (Subject picks up the blocks and looks at how they are 
painted different.) 

Choose one of the blocks to play with so that you will always 

know what color will stop on top. Which block would you 

choose? 

This one. (Subject picks up a block) 

Why do you choose that one? 


Because its all orange. 


BOR 

Here are two containers of tennis balls. You are to choose 
one of the containers of tennis balls to play with. Which 
container would you choose if you always wanted to be 
certain to play with the same color of tennis ball? 

This one. 

Why? 

Because it has four tennis balls that are exactly the same 


color. 
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Here is another picture of several marbles of different 


colors. Tell how you could make different groupings of these 


marbles? 


Put the two black ones together and the three red ones 


together. 
Could you 
You could 
one black 
Could you 
You could 
Could you 


Two black 


4, 


Here is a 


do it another way? 

put one black one and one red one 
one and two red ones together. 

do it another way? 

put the two blacks with the three 
do it another way yet? 


ones with one red one and the two 


picture of a spinner. What color 


spinner stop on? 


Orange. 


Could it stop on any other color? 


Green. 


Couldiat stop oneany other color? 


No. 


Why? 


Because there is no other color. 


ZS 


together and 


red ones. 


red ones together. 


could the 


Let's pretend you have a container with six yellow balls in 
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it. If you reached into the bag and took out a ball, what 
color would you expect it to be? 

Yellow. 

If you took out all six balls what color would the last ball 
be? 

Yellow. 

Could you pull a ball out of a different color? 


No. 


Zor. 

Suppose there are many beads on the table. There are 
different colors with many beads of each color. You want to 
choose four beads to put into a bag, so that when you reach 
in to take a bead, you always know what color you are going 
to take out. How would you pick the four beads? 

You would pick them out of the same grouping, the same color. 
Could you pick them any other way? 


Not really. 


Si 

Here is a small painted wooden block. Look at it carefully 
to see how it is painted. If you were to roll this block 
what color could stop on top? 

Orange. 

Could it stop at any other color? 


Yes. Blue and yellow. 
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Could it stop at any other color? 


No. 


6. 

Look at this spinner. What color could it stop at? 
Green. 

Any other color? 

Orange. 

Any more? 


No. 


LO 

Here is a picture of some beads. There are three brown beads 
and three green beads. We put these beads into a bag and 
mix them by shaking the bag. You reach into the bag and 
take out one bead at a time. Write the color of the bead on 
a piece of paper and then replace the bead in the bag. If 
you did this 20 times which color do you think would be 
recorded more or do you think they would be recorded about 
the same? 

About the same. 

How did you figure that? 

If you keep taking one out they would come out about the 


same because they are all mixed up. 
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Here is another picture of the same marbles only arranged 
differently. You are to put some of the marbles into a bag, 
so that if you were to reach in and take a marble you would 
have an equal chance of picking a red marble or a black 
marble. How would you choose the marbles to put into the 
bag? 

Take two red ones and two black ones. 

Is there any other way? 

You could take one red one and one black one. 

Is there another way yet? 


No. 


Part 2 of Interview 


Question 


rE: 


Question 


E: 


he 

Pretend you have a container with one white and two yellow 
tennis balls in it, one white and two yellows. Beside it 
there is a spinner that is half orange and half green. First 
you choose a ball and see what color it is, then you spin the 
spinner and see what color it stops. What color combinations 
could you expect to get? There were yellow and white balls 
and orange and green on the spinner. 

Green and yellow, white and green, white and orange, and 


yellow and orange. 


8. 


If you had four beads in one pocket, two yellow beads, and 
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two blue beads, and in the other pocket you have two black 
ones and one white one. What color combination could you 
expect to get by choosing first one bead from one pocket and 
then a second bead from the other pocket? 


White and yellow, blue and black, or yellow and black. 


23". 

Here is a spinner. If you spun the arrow many times do you 
think the arrow would stop more on yellow or on red, or 
would it stop about the same on both colors? 

More on red. 

Why? 

Because three-quarters of the circle is red and only one- 


quarter is yellow. 


24. 

Here is a collection of tennis balls in a box. You are to 
put some of the tennis balls into this other container so 
that there is a more likely chance to choose a white ball. 
OK 

What have you chosen? 

Two yellow ones and four white ones. 

How else could you have chosen them? 

I could have put just the four white ones in. 

Could you have done it another way? 


No. 
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Soe 

Here is a picture of a spinner. What do you think is the 
chance of the arrow stopping on orange? 

About ten to two. 

Is there another way? 


No. 


34. 

Here is a picture of a painted block. What chance do you 
think it has of stopping on yellow when it is rolled? 

Not much. 

Can you suggest a number for it? 


About’, Oto about,!s* 


19. 

Suppose you had to paint another block. Do you remember 
how many sides a block has? 

Sia 

You have two colors of paint. You want one color to have a 
more likely chance than the other color to stop on top when 
the block is rolled. 

One color is to have a more likely chance than the other 
color. One side - one color and five of the other color. 
Is there any other way? 


Two of one color and then four of the other color. 


207. 
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E: Suppose you had eight marbles in a bag. You choose a 
marble and you know one color is less likely to be drawn 
than the other color. How many marbles could there be of 
the less likely color? 

Sua lnree. 

E: Any other number? 

5° ODE ZOr two. 

E: Anything else? 


Ss) i -don t think: so. 


Question 35. 
E: Here is a spinner. What do you think are the chances of the 
spinner stopping on orange? 
53) Good. 
E: Do you have a number you could give to it? 


on) ADOUb- ten) to. eipht. 


Question 36. 

E: Here is a container of marbles. I want you to illustrate 
some things for me with the marbles. 

S: What do you mean by that? 

E: You are to choose some marbles when I give you a chance I 
want to draw a certain color. You can set the marbles up 
over here to make it true. If you had a one out of two 
chance to get a certain color, how could you show it? 

S: Which color? 


E: That doesn't matter. Whatever color you want to choose. 
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E: 


Pause ( Subject choose marbles). 

What did you choose? 

A black and a clear. 

Can you illustrate a one out of four chance? 

I still don't understand what you mean. 

If these marbles were put into a bag, and you were to reach 
in and take out a marble you would have a one in four chance 
of -getting| a certain: color. 


One black one and three clear ones. 


9. 

Here is a picture of four marbles and a block. If you were 

to first pick a marble to get a color and then roll the block 
to get a second color, what color combinations could you get? 
Suppose the block is black and white. 

Red and black, red and white, or white with a black, or white 


with a white. 


ho: 

If you spin the spinner first and then choose a tennis ball, 
what might the color combinations be? 

White with an orange, white with a red, yellow with an orange, 


or a yellow with a red. 


Sy 
Suppose you had seven marbles, five of them were yellow and 


two of them were blue. What chance would you have of losing a 
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yellow marble? 

Do you mean like losing it in a game? 

itpwom timatter how. (Say ajust losine it. Lf you lost one 
marble, what chance would you have of losing a yellow one? 
Pretty good chance. 

About what number do you think it is? 


(no response) 


You have ten marbles, five are red and five are green. You 
put the marbles into a bag. If you were to reach into the 
bag and pull out a marble, what chance would you have of 
getting a red marble. 


About a tento five chance. 


un. 

Here are two spinners. You are to spin this one first to get 
one color then spin this one second to get the other color. 
What color combination can you get by spinning this spinner 
first and the other one second? 

Green and red, orange with a yellow, green with a yellow, or 


an orange with a red. 


V2. 
You have this block and this group of beads. You are to roll 
the block first and then pick a bead. What color combination 


could you get then? 
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Green with a green, a white with a green, a red with a green, 
yellow with a green, or a yellow with a white, or a yellow 


with a red. 


Zee 

Here is a picture of some beads. If these beads were mixed 
in a bag and you reached into the bag and picked out a bead. 
Write the color down then put the bead back into the bag. 

Do you think you would pick more yellows, more browns, or 
would they be about the same? 

I think you would pull out the brown ones most of all. 

Why? 


Because there are five brown ones and only two yellow ones. 


22% 

If you had this spinner and spun it many times, do you think 
it would stop more on the red, more on the orange or do you 
think they would be about equal? 

I think more on the orange. 

Why? 

There are two-thirds orange and one-third is red. 


Thank you. 
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APPENDIX D 


COLOR PICTURES USED IN THE PROBABILITY TEST 
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The following set of pictures are not exact replicas of those 
used in the study. The apparatus seen in each picture corresponds 
with the apparatus photographed for use in the prabability test with 
one exception. There was one additional yellow tennis ball in the 
picture used with question 27. These pictures were photographed 


after the testing was completed. 


uZ3 


" 
} # 


ved) en sos shone, Ae; i 
chip 5 non clad a ns 
iat oe sey Hn neha cath: wit ‘eo sinh ji 
| cd ay kita ati meh si Leia om : 


“ly 


ane ni 


 Saaeceeis vi mera nell atm i 
prea 
; ; | si . i. 


124 


Picture used for question 3. 


Picture used for question 4. 
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Picture used for question 9. 
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Picture used for question 15. 


Picture used for question 16. 
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Picture used for question 21. 


Picture used for question 22. 


Da Wh tant Ey ; 
Aas Y\Vilce BL 7 
wah a oe i; ay } 


Py Has, Py , ’ faatan fe Ad oe. uh be! Wie 
DF See BLA Sy i Sent! ying vi . Waa 
7" ; rity cst ae if Man a : a : eg 
i ; | sae: yy 
4 i » ue mye : we sp a Reng? 7] ear ty 
; 4 . oe 2 tN aay 6 7 if 
} te 
many 
2 7 ) , 
| ? By. | , 
1 ¥ ' 
£ iE: ; 
= it i) 
; / j 
j 
. nT, 
: Pay i) . Oy vi i 7 ee 
Cry Ae he Tine) baie 
‘ i fuse ) rue ‘ 
. Bis jo, Sac 
i, if i } char 7 ye 
hi i - : i A hee 
' ope 1) YP 
1 t 7 yy ri J 
J hinit aT * Me ie 
i é j 
i 
\ } of 
] y 
} sy, 
iy 
a : ‘i a b 
; 


128 


Picture used for question 27, 


Picture used for question 28. 
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Picture useasror.question 33 


Picture used for question 34. 
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